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On the Pituitary Adrenal System in the Rats with 
the Administration of Acetoacetate 
By 
Akira Ohneda 
From the Medical Clinic of Prof. T. Kurokawa, Tohohu 


University School of Medicine, Sendai 


(Received for publication, January 26, 1960) 


It is well known that excessive intake of fat might play a part in the occur- 
rence of diabetes mellitus in man.!? That mechanism, however, has been obscure 
until 1944, when an experimental diabetes mellitus induced by the administration 
of acetoacetate in rabbits was reported by Nath.?’ But Tidwell and coworkers 
(1948) stated that acetoacetate could not produce diabetes mellitus in rats*). 
Against this result Nath mentioned that the failure of induction of diabetes mel- 
litus by acetoacetate was due to the difference of the animal race and the short 
duration of the administration of acetoacetate.*? 

It has been previously mentioned that the high-protein high-fat diet could 
produce a decreased glucose tolerance in rats by itself.5) Then the attempt was 
made to induce diabetes mellitus in rats fed with the high-protein high-fat diet 
by the administration of acetoacetate. It was found that the administration of 
acetoacetate for two months did not produce a diabetic state in rats fed with 
either the standard or high-protein high-fat diet, but could decrease a glucose 
tolernace.®) 

Present studies were intended to survey the role of the anterior pituitary 
and adrenal system on the carbohydrate metabolism of rats with the administra- 
tion of acetoacetate. 


MATERIAL AND METHODS 


Forty normal male rats of the Wistar stain were used. The initial weight of 
the animals was ranged 80 to 100 gm. They were divided into two dietary groups, 
that is, standard and high-protein high-fat dietary group, during two months 
as shown in Table I. 

Then each fifteen rats of every group were injected with acetoacetate intra- 
peritoneally in amount of 50 mg per kg body weight initially, then 200 mg per kg 
body weight terminally for eight weeks. 

Eight weeks after the administration of acetoacetate, all animals were killed 
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TaBLeE I. Composition of Diet. 
Figures express weight proportion to total 100, 
excepting those showing caloric values. 





Diet Group 


Component I II 
—_ High-protein 
Standard high-fat 
Carbohydrate 70 35 
Protein 12 25 
Fat 8 34 
Vitamin and salt 10 10 
Calories per day 82 105 


Note: Carbohydrate, Irish potato flour. Protein, 
casein. Fat, Jard. Vitamin and salt, Ebios, McCollum 
salt and cod liver oil in proportions of 4: 4: 2 by weight. 


to investigate weight and ascorbic acid content of the left adrenal gland and 
pathohistological studies of the pituitary gland, the right adrenal gland and the 
pancreas. 

The pituitary gland and pancreas were fixed with Zenker formol and stained by 
Goldner’s modified method’) of Masson*’ and Gomori’s chrome alum hematoxylin 
phloxin®’, respectively. The adrenal gland was fixed with formol solution and 
stained by hematoxylin eosin. The frozen preparation of the adrenal gland was 
stained by Sudan III. 

Ascorbic acid content of the left adrenal gland was estimated by the method 
of Roe and Kuether.’”? 


RESULTS 


a) Weight of the left adrenal gland 

The mean values of weight of the left adrenal gland were 29.8, 20.5, 19.3 and 
18.7 mg in the group fed with the high-protein high-fat diet with the acetoacetate 
administration, in the same group without the administration, in the group fed 
with the standard diet with the administration and in the same group without 
the administration, respectively (Figure 1). 

b) Ascorbic acid content of the left adrenal gland 

The mean value of ascorbic acid content per gm of the adrenal gland was the 
lowest in the group fed with the high-protein high-fat diet whereas a significant 
difference was not found in the other groups (Figure 2). 

c) The pancreas 

There was a slight increase in number of Langerhan’s islets and a moderate 
regeneration of islets in the group fed with the standard diet and administered by 
acetoacetate, while rather an atorphy of the islets was perceived in the group 
fed with the high-protein high-fat diet with the acetoacetate injection (Figures 

















d 


it 


Le 








Pituitary Adrenal] System in Experimental Diabetes 109 





mg 












































29.8 
J3OF 
20.5 
70+ 
0 = a 
] I Il WV 
Fig. 1. Average weight of the adrenal gland. I .. the standard 
dietary group. II ..the standard dietary group administered with 
acetoacetate. IIL .. the group of high-protein high-fat diet. IV .. the 


group of high-protein high-fat diet administered with acetoacetate. 
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Fig. 2. Average content of ascorbic acid of the adrenal gland. 
| .. the standard dietary group. II .. the standard dietary group 


administered with acetoacetate. Ill .. the group of high-protein 
high-fat diet. IV .. the group of high-protein high-fat diet administered 


with acetoacetate. 


3,4,5 and 6). 

d) The adrenal glands 

The histological changes were not prominent in the glomerulosa in all groups. 
There was neither hypertrophy of the fasciculata nor the changes in lipid content 


in the standard dietary group (Figures 7 and 8). 
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Fig. 3. Langerhans’ islet of the rat Fig. 4. Langerhans’ islet of the rat 
in the group fed with the standard diet. fed with the standard diet and injected by 
Gomori’s chrome alum hematoxylin acetoacetate. Neither collapse nor degranu- 
phloxin stain. lation of the beta-cells is seen. Gomori'’s 


chrome alum hematoxylin phloxin stain. 





Fig. 5. Langerhans’ islet of the rat Fig. 6. Langerhans’ islet of the 
fed with the high-protein high-fat diet. rat fed with the high-protein high-fat 
See slightly degranulated beta-cells. diet and injected by acetoacetate. Beta- 
Gomori’s chrome alum hematoxylin cells are slightly atrophied. Gomori’s 
phloxin stain. chrome alum hematoxylin phloxin stain. 





Fig. 7. The adrenal gland of 


the animal fed with the standard 
diet. Hematoxylin eosin stain. 
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Fig. 9. The adrenal gland of the animal 
fed with the standard diet and administered 
by acetoacetate. The fasciculata is moder- 
ately increased in width and hypertrophied. 
The medullary cells are rich in vacuoles. 


Hematoxylin eosin stain. 





The hypertrophied fasciculata 
of Fig. 11. 


Fig. 11. 
with fatty metamorphosis of the rat fed with 
the high-protein high-fat diet. Hematoxylin 


eosin stain. 





Fig. 13. The thickened and hypertro- Fig. 14. High power view of 
phied fasciculata of the rat fed with the Fig. 13. See the medullary cells 
high-protein high-fat diet and administered 
Hematoxylin eosin stain. 


with numerous vacuoles. 


by acetoacetate. 
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Fig. 15. The anterior pituitary lobe Fig. 16. The anterior pituitary lobe of 
of the rat fed with the standard diet. the rat fed with the standard diet and in- 
Masson-Goldner’s stain. jected by acetoacetate. Eosinophilic cells 


are slightly degranulated while basophilic 
cells are increased in number. Masson- 
Goldner’s stain. 





Fig. 17. The anterior pituitary lobe Fig. 18. The anterior pituitary lobe 
of the rat fed with the high-protein high- of the rat fed with the high-protein high- 
fat diet. See the increased basophilic fat diet and injected by acetoacetate. 
cells. Masson-Goldner’s stain. Both small and large basophilic cells are 


extremely increased in number. Masson- 
Goldner’s stain. 


The fasciculata was markedly increased in its width and the cells were swollen 
and enlarged in the group fed with the standard diet and administered with aceto- 
acetate. There was the distinction of light and dark cells in the fasciculata, 
particularly inner region of the layer. The reticularis was decreased in its width 
and lost lipid. The medulla was rich in vacuoles which was not observed in 
normal adrenal medulla (Figures 9 and 10). 

The fasciculata was increased in width and hypertorphied, where the fatty 
metamorphosis and the distinction of light and dark cells were perceived through 
its outer and inner region in the high-protein high-fat dietary group. The small- 
sized cells and a decrease in lipid content were observed in the narrowed reticularis 
of the same group (Figures 11 and 12). 
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The changes of the adrenal cortex were most prominent in the group fed with 
the high-protein high-fat diet with the administration of acetoacetate. The 
fasciculata was thickened and hypertrophied. The reticularis also was increased 
in width, where the cells were small and contained plentiful minute lipid granules. 
There were numerous vacuoles in the adrenal medulla in the same group (Figures 
13 and 14). 

e) The anterior pituitary lobe 

There were a slight decrease in number of eosinophilic cells with degranula- 
tion and moderate increase in number of swollen basophilic cells in the group fed 
with the standard diet and administered with acetoacetate (Figures 15 and 16). 

There was a prominent increase in number of large basophilic cells in the high- 
protein high-fat dietary group (Figure 17). 

Eosinophilic cells were not so decreased in number but a little degranulated, 
while both small and large basophilic cells were seen extremely increased in number 
and swollen in the group fed with high-protein high-fat diet administered with 
acetoacetate (Figure 18). 


DISCUSSION 


There have been various substances to produce experimentally diabetes 
mellitus in animals, many of which do not explain the pathogenesis of human 
diabetes in biological and pathohistological points. 

Acetoacetate, which was reported as a diabetogenic substance by Nath,?)) 
is an intermediary substance of fat metabolism and, if it truly produces diabetes 
mellitus, it would have a significance in the etiology and pathology of human 
diabetes. 

Nath reported that a decreased glucose tolerance was produced in the 
rabbits by the administration of acetoacetate during thirty days‘) Even 
glycosuria was observed in one of these animals 160 days after the acetoacetate 
administratiot.. 

Tidwell and coworkers, however, failed to produce diabetes mellitus in rats 
through the administration of acetoacetate in the dosage of 18 mg initially to 
144 mg terminally per 100 gm body weight during four weeks.*? 

Then, it was expected that acetoacetate would readily produce the diabetic 
state if the rats were fed with the high-protein high-fat diet, which itself was 
proved to decrease glucose tolerance in normal rats*) or deteriorate the course of 
alloxan diabetes.' 

Spontaneous glycosuria, however, was not induced through acetoacetate 
injection in amount of 200 mg per kg body weight daily for eight weeks either 
in the group fed with the standard or high-protein high-fat diet in this 


experiment.®)!?? 
Glucose tolerance, glucose uptake ratio of the diaphragm, acetylation rate 
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of paraamino benzoic acid, urinary excretion of citric acid and hexokinase activity 
of the liver were markedly decreased only in the group fed with the high-protein 
high-fat diet with the administration of acetoacetate.®)!) 

On the contrary, histological changes in the pancreas, the adrenal glands and 
the anterior pituitary lobe and weight and ascorbic acid content of the adrenal 
gland were suggestive to indicate the mechanism of acetoacetate diabetes. 

Hypertrophy of the adrenal glands was easily expected from the weight of 
these organs in the animals administered by acetoacetate especially fed with the 
high-protein high-fat diet. 

Ascorbic acid content of the adrenal glands, however, did not exhibit the 
parallel changes with the increase in the weight of these organs. Therefore, 
the changes of ascorbic acid in adrenal glands might not be an excellent index of 
prolonged stimuli with adrenocorticotrophic hormone or the hyperfunction of the 
pituitary adrenal system as described by Jailer & Boas'*) and Zarrow & Baldini"? 
in avian species, although Sayers and associates observed a prarallel correlation 
between the depletion of adrenal ascorbic acid and the amount of ACTH ad- 
ministered in the rats.1°) 

In addition to the changes of the adrenal corteces, there were the changes in 
the adrenal medulla and the anterior pituitary lobe. That is, the adrenal cortex, 
particularly the fasciculata, was shown to be stimulated and hypertrophied in 
the animals injected with acetoacetate and fed with either the standard or high 
protein high-fat diet, while there were an increase in number of basophilic cells 
in the anterior pituitary lobe and vacuoles in the adrenal medulla, which suggest 
to stimulate the adrenal medulla. These are interpreted as a series of changes 
as previously reported.'® 

The dietary effect—a tendency to fatty metaplasia—was superimposed on the 
hypertrophy of the adrenal cortex induced by the administration of acetoacetate 
in the group fed with the high-protein high-fat diet. As a result, there was a 
hyperfunction in the adrenal corteces of the animals administered with acetoacetate 
especially fed with the high-protein high-fat diet. 

On the mechanism of acetoacetate diabetes, Nath stated that this substance 
exerted a stimulating effect on the insulin secreting mechanism of the islet cells 
and ultimately led to beta-clells exhaustion through excessive strain.*? 

No remarkable changes, however, were observed in Langerhans’ islets of the 
pancreas in this experiment. Therefore, it cannot be concluded that Langerhans’ 
islets play an important part as a cause of acetoacetate diabetes. 

Abe has accounted for this reason as the disorder of carbohydrate 
metabolism induced by the competition effect of acetoacetate for acetyl coe- 
nzyme A.'7) 

Although glucose tolerance was decreased in this experiment before acetyla- 
tion rate was lowered, which presumably represented the function of acetyl 
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coenzyme A, a decrease in acetylation rate could be observed at the terminal 
period of this experiment.'*? Therefore, lowered function of acetyl coenzyme A 
might be considered as a cause of acetoacetate diabetes. 

The fact that the hyperfunction of the pituitary and adrenal system was 
observed in the animals injected with acetoacetate, in which blood acetone level 
was elevated,*’"?) corresponds with such clinical fact that urinary excretion of 
11-oxycorticosteroid is increased in ketosis'*) or severe diabetes.'* 

The administration of acetoacetate is followed by transient hyperglycemia 
and then hypoglycemia. 
adrenergic effect of acetoacetate rather than its direct effect, because it is proved 
to be inhibited by sympatholytic substances.’”? 

Repeated administration of acetoacetate may result in a successive stress 
in the animals which causes a hyperfunction of the pituitary adrenal system. 


The initial hyperglycemia is generally due to the 


Therefore, if acetoacetate is diabetogenic in nature, diabetes mellitus in this type 
might become ultimately similar as steriod diabetes. 

Therefore, it is supposed in the group fed with the high-protein high-fat 
diet that acetoacetate might accelerate the hyperfunction of the pituitary adrenal 
system by means of the direct effect of the diet. 

In conclusion, the diet rich in portein and fat intensifies the influence of 
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Lesion of Disordered Hyperfunction of 
Langerhans Carbohydrate Pituitary 
Islets Metabolism Adrenal System 
High-protein 
High-fat 
Diet 
Fig. 19. Mechanism of disordered carbohydrate metabolism. The 


high-protein high-fat diet 


islets and the hyperfunction of the pituitary adrenal system. 


produces both the lesion of Langerhans’ 


The 


administration of acetoacetate intensifies the disordered carbohydrate 
metabolism through the hyperfunction of the pituitary adrenal system. 
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acetoacetate on the carbohydrate metabolism through the way of the pituitary 
adrenal system indirectly in addition to the direct effect on islet cells, as the 


schema shows in Figure 19. 


SUMMARY 


Acetoacetate was administered to the rats fed with either the standard diet 
or the high-protein high-fat diet during eight weeks. 

Acetoacetate influences on the anterior pituitary lobe and the adrenal glands 
including the adrenal medulla and causes hyperfunction in the animals especially 
fed with the high-protein high-fat diet. 

It is suggested that the anterior pituitary and adrenal system plays an 
important role in the progress of the disordered carbohydrate metabolism induced 
by the administration of acetoacetate and that it might cause a steroid diabetes. 
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Some Observation on Chemical Components of 
Gallstones in the Sendai District of Japan 
By 
Tatsuo Yagi 


From Prof. M. Muto’ s Surgical Clinic, School of 
Medicine, Tohoku University, Sendai 


(Received for publication, January 27, 1960) 


Concerning the characteristic feature of cholelithiasis in Japan compared 
with that in Europe and the United States, there have been many reports since 
Miyake and Matsuo. 

The characteristic feature of gallstones in Japan based on the difference of 
bile constituents has been attributed to the differences in diets. 

Although Maki et al have the opinion that it is still true in post-war Japan 
especially in agrarian districts, there are other conflicting opinions that recently 
the bile constituents of the post-war Japanese is changing due to their improved 
diet and thus the hitherto regarded characteristic feature is gradually diminishing. 

By means of analytic chemistry, the writer classified the gallstones which 
were taken surgically in Muto’s Surgical Clinic. The purpose was to obtain con- 
crete information concerning gallstones in the Sendai district. 

Considering the correlation of diet and variety of gallstones, the characteristic 
feature of cholelithiasis in Japan was also analysed. 


MATERIALS AND METHOD 


As materials, the writer used 236 gallstones from 227 cases of cholelithiasis, 
which were treated surgically in Muto’s Surgical Clinic from 1941 to 1958. 

When two or more stones were found at the same location in a patient, only 
one was investigated as a representative. When the patient has stones not only 
in the gallbladder, but also in the biliary tract, both were analysed separately. 

As shown on Table I, the extraction of the stones was done according to 
Nishimura’s'? method, and quantitative analysis of bilirubin, cholesterol, fatty 
acids, bile acids and calcium were carried out. Bilirubin was estimated colori- 
metrically analysing the chloroform solution of I, II and III of Table I by 
means of a electrophotometer (D.F. Type II Shimazu) according to Evelyn- 
Malloy’s*) method. Cholesterol was estimated colorimetrically (Electrophotometer, 
D.F. type II, Shimazu) according to Bloor’s method*) which was modified from 
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Table I. 


Pulverized Gallstone 


| Extract with 94°%, Alcohol 
| for 24 Hours (Soxhlet) 


) Extract ; Residue 
(bile acids, lipins) | Extract with Chloroform 
Evaporate | ey 
and dry up Extract (I) Residue 
Add Xylene | Extract with 20% HCl 
Extract (lipins) Residue Extract Residue 
| Extract with 
=f Chloroform 
Dissolve a ee 





into Alcohol { t 
a Extract (II) Residue 


Aloobol Sointion | Extract with 20% HC! 


| 4 
Extract Residue 
Extract with 
Chloroform 
impr s: 
Extract (III) Residue 


Liebermann-Burchard reaction. Fatty acids were titered by N/100 alcholic 
solution of potassium hydroxide‘). Bile acids were estimated colorimetrically 
examining the color reaction of the bile acids to vanillin and phosphoric acid 
according to Murakami’s*) method. (Spectrophotometer Type QB-50, Shimazu) 
Calcium was estimated analysing 20 per cent solution of hydrocholoric acids by 
means of flame photometer. (Type QB-50, Shimazu) 

RESULTS 

1) Classification of gallstones 

As shown on Table 2, the 236 gallstones, classified according to Nishimura,*? 
proved to include three of pure cholesterol stones (1.3%), 95 of cholesterol-pigment- 
chalk stones (40.3%), 17 of combined stones (7.2%), 104 of pigment-chalk stones 
(44.1%), 10 of parasite stones (4.2°%) and seven of inorganic stones (3.0%). 

Among them the pigment-chalk stones and cholesterol-pigment-chalk stones 
were most common. No fatty acid-chalk stones were recognized. 

Dividing the stones into two groups of cholesterol stones and pigment stones, 
the former contained 115 (48.7%) and the latter 114 (48.3%). Parasite stone 
means a gallstone on which a parasite or a part of a parasite was found 
macroscopically. The number of parasite stones may be increased if special 
procedure were undertaken for determination. 

The constituents of the above mentioned stones are shown on Table 3. 
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TaBLE II. Classification and Frequency of Gallsotnes 








ch. st. pig. st. 
eee —— ~—- —- — ——| f-c. | inorg.| 1 
Classification ie é 4° Total 
| p.ch.st. ch-pig-c.st. comb. st. = di ety _ > 

Number 3 17 «| 104 ~=©10— sO 7 236 
per cent (1.3%) (40.3%) (7.2%) | (44.1%) (4.2%) (3.0%) 
Number 115 114° 
per cent (48.7%) (48.3%) 


Abbreviations. ch. st.: cholesterol stone. pig. st.: pigment stone. 
p.ch.st.: pure cholesterol stone. ch-pig-c.st.: cholesterol-pigment-chalk stone. 
comb.st.: combined stones. pig-c.st.: pigment chalk stone. pa.st. : parasite 
stone. f-c.st.: fatty acid-chalk stone. inorg.st.: inorganic stone. 


TaBLE III. Chemical Constituents of Gallstones 





Classification 
p.ch.st. ch-pig-c. st. pig-c. st. inorg. st. 
Constituent (%) 

ern 99.2~99.4 95.9~77.0 30.4~11.5 4.7~(+) 

Cholesterol (99.23) (88.76) (18.47) (0.88) 
reer 0.7~0.6 5.0~2.1 21.3~5.4 4.7~(+) 

Fatty acids (0.62) (4.33) (16.46) (2.58) 

i 2.6~0.02 4.6~0.1 4.8~1.0 

Bile acids 0 (0.86) (2.01) (2.46) 
alee 7.4~0.5 61.1~33.8 21.0~(+) 
Billirubin 0 (2.01) (45.80) (10.62) 
mae 5.6~0.2 8.2~1.7 36.4~20.3 
Calcium 0 (1.29) (3.94) (39.32) 


( ): average value 
Abbreviation as in Table II. 


That cholesterol stones were found much more frequently among the Occiden- 
tals while pigment stones predominated among the Japanese has been pointed 
out by many authers after Miyake’? and his colleagues. 

The reports concerning the above mentioned which have been published in 
Japan are shown on Table 4. According to the statistic of Miyake’) (Hukuoka) 
the pigment stone was as dominant as 69.6 per cent of the total studied by him. 
Nishimura’? (Hukuoka), Honda et al) (Okayama) and Yasuda®’ (Hirosaki) 
also described that the frequency of pigment stones was 2.62, 3.86 and 4.0 times 
as much as that of the cholesterol stone respectively. Hashimoto*) (Tokyo) and 
recently Yoshida’) (Tokyo), however reported that the pigment stone was 0.7 
and 0.74 times as much as that of the cholesterol stone. Moreover, Kameda’? 


(Tokyo) analysed the gallstones by means of infra-red absorption spectrum, and 
found that the cholesterol stone occur in 65.1 per cent while the pigment stone in 
22.7 per cent. 
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TaBLE IV. Classification and Frequency of Gallstones according to Authors 








: ch. st. pig. st. g | pig. st. 
Reporter pve p-.ch. ch-pig- comb. | pig-c. pig-c.st. | = | | 
st. c. st. st. st. (pa.st.) | ch. st. 
Mae oke) ae ee (0 5 | 2 10 | | 2.24 
rk) 197 | 7 33 i «=61ll)— 80D 
—, 160 «19S 44 14 45 9 | 29 | 0.7 
_ 10 = «6207 1 67 «13 4.0 
Gees | 88 | cB 8 | BD oe 
You) 182 1265 21 67 ‘i 2 0.74 
"— dai) 227 3M 16 97 10 7 | 0.95 


Abbreviation as in Table II. 


Accordingly, the development of the cholesterol stone was dominant in the 
Tokyo district, but on the contrary, the pigment stone was dominant in the 
Kyushu, Okayama and Hirosaki districts. 

In the Sendai district, the frequency in development of both stones are 
approximately the same which seems to suggest the intermediate situation of the 
Sendai district between Tokyo and the other districts. 

Considering that the Sendai district is intermediate in terms of location, it 
is acceptable that the cases of our clinic would be between that of Tokyo and the 
Hirosaki districts. 

ti) Classification according to the position of gallstones 

Among 236 stones, 169 were located in the gallbladder and 67 in the common 
bile duct (Table 5). 

There were 95 cholesterol stones (56.2%), 67 pigment stones (39.6%) and 
seven inorganic stones (4.1°%) in the gallbladder; the ratio of cholesterol stone to 
pigment stone was 1.48 to 1. 

There were 20 cholesterol stone (29.99%) and 47 pigment stones (70.1%) 
in the common bile duct; ,giving the ratio of 1 to 2.39, the pigmentstone being 
dominant. 

Seven inorganic stones were located only in the gallbladder, and all 10 
parasite stones were found in the common bile duct. 

So far as the writer examined, the stones in the gallbladder and the common 
bile duct of the same patient always belonged to one group of either cholesterol or 
pigment. stones. 

According to the reports published in Japan, the incidence of the common 
bile duct stone in Japan was more frequent than in Europe and the United 
States and majority of common bile duct stones belong to the pigment stone. 
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TaBLeE V. Kinds and Positions of Gallstones 








Kind ch. st. pig. st. 
; inorg.st.| Total 
Position p.ch. st. ch-pig-c.st. comb.st.| pig-c.st. pa. st. 
3 79 13 67 0 | 169 
Gallbladder ———____.-—_— - ~~’ 
| 95 (56.2%) 67 (39.6%) | (4.1%) 
Biliary 0 16 4 37 10 0 67 
Tract 20 (29.9%) 47 (70.1%) 


Abbreviation as in Table II. 


The same trend was observed in the cases of our clinic. 
vit) Sex distribution 
It has been generally accepted that cholelithiasis occurred more frequently 
in the females in Europe and the United States while in Japan the incidence was 
rather the same in both sexes. In 227 cases of our clinic, 111 cases were male 
and 116 were female as shown on Table 6. 


TABLE VI. Distribution of Gallstones According to Sex (I) 








Kind of ch. st. pig. st. 
cous inorg. st. Total 
Sion p.ch. st. ch-pig-c.st. comb.st. | pig-c.st. pa. st. 
| 
2 41 7 52 7 2 111 
Male Sn ~ 
50 (45.0%) 59 (53.2%) (1.8%) 
53 9 45 3 5 116 
Female $$ —_—_——__— OO 
63 (54.3%) 48 (41.4%) (4.3%) 


Abbreviation as in Table IT. 


Table 7 shows the domestic and foreign reports of cholelithiasis proved by 
surgery or autopsy and classified by sex. In Europe and the United States, 
cholelithasis in the female was two to five times as frequent as that in the male 
but in Japan the frequency was rather the same in both sexes. The cases of 
our clinic showed similar results. 

The relation between sex and kinds of gallstone revealed that 50 cholesterol 
stones, 59 pigment stones and two inorganic stones in the male, while in the 
female, 63,48 and five respectively. The ratio of cholesterol stones to pigment 
stones was determined as 50 to 59 (1: 1.18) in the male and 63 to 48 (1.31: 1) 
in the female. In short, the pigment stone was slightly more common in the male 
and the cholesterol stone was more frequent in the female. 

Maki’) stated that although gallstones in Europe and the United States 
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TaBLeE VII. Distribution of Gallstones According to Sex (II) 20 J 
Operations Autopsies inn 
Reporter female Reporter female , 
ra i pati 
‘male male youl 
Rimann!*) 3.7 Lieber?) 2.24 
& Blalock!*) 2.4 Ludlow2?) 1.8 
S| Rhodes?) 1.8 Martenson??) 2.25 —— 
a | Schiipbach!®) 6.2 Crump?) 1.4 
Robertson Dochat?”? 2.5 Robertson Dochat??) 1.6 Re 
Miyake?) 1 Kytsht Univ.®) 1.7 
- Hashimoto®) 1.2 Kyéto Univ.®) 1.3 
S| Honda et al!® 0.86 Tékyo Univ.®) 1.7 
a | Huruya?®) 0.94 Tohoku Univ.25) 1.4 
oe Maki!®) 1 Niigata med. college?®) 2.23 
| Yoshida?) 1.4 Kumamoto med. college2?) 2.03 
showed a high incidence of cholesterol stones and the gallstones were in general ie 
predominant in the female, as far as the cholesterol stone was concerned, it was dens 
predominant in the female even in Japan. This was agreeable with the cases Hos 
of our clinic. 
wv) Age distribution ail 
The age of the patients on admission are shown on Fig. 1. Patients below rept 
on | 
Male /11 
70 chol 
CI Female 106 - int 
GB Total 227 stor 
60+ 
of ¢ 
JSOr 
> 4O0t 
Q 
E 
3 , 
= 30 Y 
) 
20} y 
y) 
Y) 
Y 
10} Y 
y 
ml “Al 
Age 0~20 2/~30 31~40 41-50 51-60 61~70 70— 
Fig. 1. Histogram showing the age of patients on admission. 
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20 years of age were only three. About 30 years of age, the number of patients 
increased and reached the maximum between 41 and 60 years of age. 

In male patients, the peak was between 51 and 60 years of age and in female 
patients it was between 41 and 50 years of age showing a slight shift towards the 
younger age. 


TaBLE VIII. Age Distribution and Incidence of Gallstone 





Age | 9.20 21~30 31~40 41~50 51~60 61~70 71~ 


Reporter 
Yasuda?) 4 11 17 31 25 10 2 
Yoshida?®) 0.6 3.4 ke 32.2 24.1 20.1 23 
Writer 13 6.2 11.9 29.5 31.7 16.3 3.1 


Number: per cent 


In the cases of Yasuda®) and Yoshida”, as shown on Table 8, the peak of 
the age distribution according to the incidence of the stones was in the fifth 
decade (41~50 years), then in the sixth and in the fourth. Kameda’) and 
Honda et al’) obtained the same results. 

In the cases of our clinic the peak was in the sixth decade, then in the fifth 
and seventh. The incidence in the third decade was less than given in the previous 
reports. The youngest patient was 18 years of age and the oldest was 77. 

Correlation of age on admission to the constituent of gallstones was shown 
on Fig. 2. In the fourth decade, there were nine of pigment stones and 18 of 
cholesterol stones; the latter was twice as much as the former. On the contrary, 
in the eighth decade there were six of pigment stones and only one of cholesterol 
stone. No significant relation was found in the other decades. Below 20 years 
of age, there were two of cholesterol stones and only one of pigment stone. 




















CJ ch-st. 173 
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Fig. 2. Histogram showing the correlation of age on admission 
to the constituent of the gallstones. 
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TaBLe [X. Frequency and Kinds of Gallstones According to Age 





Age 
0 ~20 21~30 31~ 40 41~50 51~ 60 61~70 70~ 
Reporter 

| Yasuda? 0 10 20 35 15 15 5 
a Yoshida?) ta 4.4 22.0 31.8 26.4 13.2 1.1 
= Writer 1.8 4.4 15.9 25.7 31.0 20.4 0.9 
«= |  Yasuda®? 5.0 11.2 16.3 30.0 27.5 88 13 
sp Yoshida2®? 0 2.4 12.1 32.5 21.7 27.7 3.6 
‘7 Writer 0.8 7.5 8.4 31.8 32.7 13.1 5.6 


Number: per cent 


According to Yasuda®), the pigment stone was more likely to occur in the 
younger age. He experienced 10 cases below 15 years of age which corresponded 
to 12.5 per cent of pigment stones. On the other hand, Yoshida® stated that no 
pigment stone was found below 20 years of age (Table 9). As mentioned above 
there were one pigment stone and two cholesterol stones in our cases. 

v) Diet and kinds of gallstones 

It has been already described that the characteristic feature of cholelithiasis 
in Japan is the predominance of the pigment stone. It is most likely due to the 
difference in diet. Accordingly, the writer classified the gallstones against profess- 
ion, residence and economic status of the patients. The economic status was 
arbitrarily judged by the class of the ward occupied such as the first, second and 
the third class. 

In general, the standard of living in Japan was very low just after the war, 
but thereafter, it gradually improved year after year. Under such changing social 
conditions, it may be of some interest to observe how the gallstones were 
influenced thereby. 

Two hundred and twenty-four patients were divided into two groups; the 
one is a sedentary group comprising such as physicians, lawyers, teachers, business- 
men, office employees, housewives and the other is the workers group such as 
farmer, fishermen, mine workers and factory workers. 

The correlation of gallstones to profession is shown on Table 10. In the 
sedentary group, cholesterol stones were found in 44 out of 71 male patients and 
in 60 of 100 female patients, while pigment stones were found in 27 out of 71 male 
patients and in 36 of 100 female patients. Cholesterol stones were more common 
than pigment stones in this group. 

In the workers group, cholesterol stones were found in six out of 38 male 
patients and in two of 15 female patients, while pigment stones were found in 
30 out of 38 male patients and in 12 of 15 female patients. Pigment stones were 
predominant in the workers group. 
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TasLeE X. Kinds and Incidence of Gallstones According to Profession (I) 














Kind | ch. st. pig. st. a 
st, | Total 
Profession p.ch. st. ch-pig-c.st. comb.st. | pig-c.st. pa.st. : 
| | 2 37 5 24 3 0 71 
| Sedentary / imate 
© 44 (62.0%) 27 (38.0%) 
A 0 4 2 27 3 2 38 
Worker sienna soar al . 
6 (15.8%) 30 (78.9%) (5.3%) 
1 51 8 33 3 4 100 
| Sedentary a> on 
2 | 60 (60%) 36 (36%) (4%) 
- | 
EI 0 1 1 12 0 1 15 
= Worker — ————— ——— 
2 (13.3%) 12 (80.0%) (6.7%) 


Abbreviation as in Table II. 


Inorganic stones were found only in male patients of the workers group and 
among female patients four were of the sedentary group and one of the workers 
group. 

According to Maki*?, as shown on Table 11, the sedentary group showed a 
high incidence of cholesterol] stones while the workers group showed definite 
preponderance in pigment stones. Cases of our clinic had the same tendency 
except that cholesterol stones in the sedentary group were more frequent than 
in Maki’s cases. 


TaBLE XI. Kinds and Incidence of Gallstones 
According to Profession (Maki) 


i Kind | 
ch. st. pig. st. Total 


Profession ~ 





6 19 | 34 


’ . s 0 : 

Se de ntary (44.1%) (55.9%) | 
oe : 36 39 

Worker (7.7%) (92.3%) 


Then the cases were divided into three groups according to the residence of 
the patients like city inhabitants group (103 cases), farm and fishing village 
inhabitants group (94 cases) and group of inhabitants in the intermediate area 
(30 cases). 

The correlation to the kinds of gallstones is shown on Table 12. In the city 
inhabitants group, cholesterol stones were 68 cases (66.0%), pigment stones 34 
cases (33.0%) and inorganic stone one (1.0%). In the farm and fishing village 
inhabitants group, cholesterol stones were 30 cases (31.9%), pigment stones 58 
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TaBLE XII. The Frequency and Kinds to Gallstones According to Residential District 








Kind ch. st. pig. st. | 
; | inorg.st.| Total 
District p.ch. st. ch-pig-c.st. comb. st. | pig-c.st. pa. st. 
0 58 10 31 3 | l 103 
City ———_____— ———"_—=é=BX 
68 (66.0%) 34 (33.0%) | (1.0%) | 
13 1 | 13 2 0 | 30 
Intermediate — —— ———_.—__ 
15 (50%) 15 (50% 
Farm and | 2 23 5 53 5 | 6 | 9% 
fishing —~ ————_ | 
village 30 (31.9%) 58 (61.7%) (6.4%) | 


Abbreviation as in Table IT. 


cases (61.7%) and inorganic stones six cases (6.4%). 

In short, cholesterol stones were more common than pigment stones among 
city inhabitants and on the contrary, pigment stones were more frequent than 
cholesterol stones among farm and fishing village inhabitants group. In the 
intermediate area, cholesterol stones and pigment stones amounted to 15 cases. 

Parasite stones were three out of 103 cases (2.9%) in the city inhabitants 
group, and five out of 94 cases (5.3%) in the farm and fishing village inhabitatnts 
group. If two out of 30 cases in the intermediate area were added to the latter 
group, the latter would be seven out of 124 cases (5.6%) and the tendency of 
higher incidence of parasite stones among the farm and fishing village inhabitants 
would be more evident. 

Inorganic stones were found only in one core in the city inhabitants group and 
six in the farm and fishing village inhabitants group, showing a higher incidence 
in the latter group. 

Our result of higher incidence of pigment stones in the farm and fishing village 
inhabitants group coincided with that of Yasuda’, Maki**) explained this tendency 
by the quite common occurrence of ascariasis and the inflammation of the billiary 
tract in that area. 

As stated above, the patients were arbitrarily divided into two groups; the 
one included those of the ‘first and second classes and the other of the third calss. 

Among 101 patients of the first and second classes, as shown on Table 13, 
cholesterol stones were found in 63 (62.4%) and pigment stones were found in 
37 cores (36.6%). Among 126 patients of the third class, cholesterol stones were 
seen in 50 (39.7%) and pigment stones were seen in 70 cores (55.6%). Cholesterol 
stones were more frequently seen in the first and second class patients and on the 
other hand, pigment stones were more frequent in the third class patients. In 
other words, cholesterol stones were frequent among patients who were supposed 
to have a higher level of living aud pigment stones were frequent among patients 
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TasBLeE XIII. Economical Status, Frequency and Kinds of Gallstones 





“ii Kind | ch. st. pig. st. 
i . 1 
’ ~ inorg. st. Total 
pnd p.ch. st. ch-pig-c.st. comb.st.  pig-c.st. pa.st. 
57 5 35 2 1 101 
I & Il — 
63 (62.4%) 37 (36.6%) (1.0%) 
2 37 1] 62 8 6 126 
Ill , 
50 (39.7%) 70 (55.6%) (4.8%) 


Abbreviation as in Table II. 


who were supposed to have a lower level of living (Table 13). 

Finally, the number of the patients in each year was compared as shown on 
Fig. 3. Until 1948, the patients were less than 10 cases a year but the number 
gradually increased since 1949, reaching 16 cases in 1953, 23 in 1954, then decreas- 
ing to 21 cases in 1955, and again showing an increase to 31 cases in 1957 and 1958 
respectively. 
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Fig. 3. Graph showing the annual number of the patients from 1941 to 1958. 


The food condition during these periods was not good 1948 because of the 

wartime and post-war disorders, but thereafter it improved step by step to 1953, 

and since then the level of living has become higher due to the rich harvest and 

prosperity of the market. Namely, the improvement of the food condition caused 

on increase in cholelithiasis. ‘ 
The kinds of gallstones in these years are shown on Fig. 4. Although until 

1944 cholesterol stones cores exceeded those of the pigment stones, the number 

of cases at that time were too few to evaluate. Between 1945 and 1950, cholesterol 


stones were about 30 per cent of the total, then gradually increased to occupy 
half the number of the total gallstones in 1953, 1954 and 1955. In the last two 
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years, cholesterol stones reached 64.5 and 58 per cent of the total cases respec- 
tively. Pigment stones, on the other hand were nearly 70 per cent during 1945 
to 1950, then gradually decreased to 33.5 per cent in the last two years. 
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Fig. 4. Graph showing the relation of the kinds of gallstones found 
each year from 1941 to 1958. 


As already observed, the kinds of gallstones corresponded to the level of 
living. Namely, the sedentary group, the city inhabitants group and the 
first and second class patients group who were supposed to have good living stan- 
dards showed high incidence of cholesterol stones, whereas the workers group, 
the farm and fishing village inhabitants group, and the third class patients group 
who were supposed to have lower level of living showed high incidence of pigment 
stones. 

Also during the war and post-war time when thefood situation was bad, 
pigment stones were found more frequently and recently, with improved social 
conditions cholesterol stones increased in number. 

Considering the reports that gallstones in city districts were mainly 
cholesterol stones and in the other districts, chiefly pigment stones, the result 
mentioned above is of more interest. 

It can be said that recently the kinds of gallstones in Japan follow the trend 
of the other countries showing such changes as, the increasing number of 
cholesterol stones and the losing of their characteristic feature of the predominance 
of ;igment stones. 


SUMMARY 


Two hundred and thirty-six gallstones from 227 cases in the Sendai district, 
taken surgically in Muto’s surgical clinic during 1941 and 1958 were analysed 
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chemically with the following conclusion. 

1). The kinds of gallstones were as follows ; pure cholesterol stones three, 
cholesterol-pigment-chalk stones 95, combined stones 17, pigment-chalk stones 
104, parasite stones 10 and inorganic stones seven. 

Cholesterol stones and pigment stones were approximately the same in 
number. 

2). Gallstones in the gallbladder included cholesterol stones in 56.2 per cent, 
and were more common than the pigment stones which gave 39.6 per cent. 
Gallsntoes in the common bile duct included cholesterol stones in 29.9 per cent, 
and this as far less than the pigment stones which showed 70.1 per cent. 

3). The sex distribution was 111 cases in the male and 116 cases in the 
female showing on equal frequency in both sexes. The ratio of cholesterol stones 
to pigment stones was 1.0 to 1.18 in the male and 1.31 to 1.0 in the female. 

4). Age on admission; In the sixth decade the incidence of cholelithiasis 
was the highest, then the fifth and the seventh decade followed in frequency. 
Cholesterol stones were more common than pigment stones in the fourth decade, 
and pigment stones were more than cholesterol stones in the eighth decade. 

5). Distribution according to profession revealed a higher incidence of 
cholesterol stones in the sedentary group and of pigment stones in the workers 
group. Cholesterol stones were more common in the city inhabitants group, 
and pigment stones were more frequent in the farm and fishing village inhabitants 
group. Also cholesterol stones were seen more frequently in the first and second 
class patients group, and pigment stones were more common in the third class 
patients group. 

6). Pigment stones had been frequently observed during the period of the 
poor food condition during the war and post-war time, but with the improvement 
of the social conditions, cholesterol stones increased gradually, attaining 60 per 
cent of the total cases in the last two years. The incidence of cholelithiasis itself 
much increased since 1953 and the tendency to increase still continues at present. 

7). From the fact that the higher incidence of cholesterol stones in large 
cities and that in the Sendai district cholesterol stones increased in number with 
the recent improvement of food condition, it seems to be reasonable to assume 
that the characteristic feature of the predominance of pigment stones in Japan 
is gradually diminishing and the kinds of gallstones resemble that of Europe and 
the United States. 
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I. INTRODUCTION 


The series of studies on the reticuloendothelial system (RES) at this laboratory 
parts in the defensive reactions and these undergo proliferation and transformation 
to various extents to suit the required functional conditions. The present authors 
were led to infer that a quantitative evaluation of the extent of proliferation of 
RES cells might enable us to estimate the defensive capacity of RES against 
inflammation and thence to deduce the defensive resistance of the living or- 
ganism in concreto, by morphological examination of the cells. The following 
experiments were carried out under this postulation. 


II. EXPERIMENTAL METHODS 


Pieces of small cover glasses (4mmx6mm) were introduced into the 
subcutaneous tissue of rabbits, and at stated intervals, these pieces of glass were 
extracted together with a part of the surrounding subcutaneous tissue and distend- 
ed preparations were made of the latter. Both the glass specimen and the dis- 
tended preparations were stained with neutral red, Janus green or by May-Giemsa 
method and examined under a microscope, for observation of the transformation 
and proliferation of RES cells in response to the invasion of the glass piece. 

First, normal rabbits were thus experimented upon, for the purpose of 
determining the normal range of the reaction of RES cells, then similar 
experiments were made upon variously pretreated rabbits. 


Ill. EXPERIMENTAL RESULTS 


1. Reaction of the subcutaneous histiocytes in normal rabbits 

In the distended preparations of the subcutaneous tissue of normal rabbits 
sampled before the insertion of glass, histiocytes of fixed form alone are found 
always sporadically but never in proliferated or in groups, and no basophilic 
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elongated spindle-form histiocytes or any leucocyte is ever present. After the 
glass insertion, the subcutaneous histiocytes proliferate and are liberated from 
the tissue and begin to be found adhered to the surface of the extracted glass 
pieces. Mononuclear cells appeared on the glass surface to the rate of 10-13% in 
12 hours, 25% in 24 hours and 45-55% on the second day ; giant cell formation 
from these mononuclear cells began to be observed on the third day. 

In a normal hare similarly treated, the appearance of histiocytic cells on the 
glass surface was somewhat more marked than in normal rabbits. 


TasBLe I. Subcutaneous Findings in Normal Babbits 














| Before | After | 
| glass | glass 12h 24h 2d 3d 4d | 5d | Wd 
| insertion | insertion | | 
| La Ht Ht ++ o + eo | 4 
= . + ++ # Ht | + + 4 + 
™ | oe nee 105% 22.5 | 48.0 ae td ee Bi 
br U | oY 22.9 id } 
| PH(-)| Big | ¥ | +} #| # | 4 
| | Le} # it 4 + +| +| + 
| - 3 sll 4 a + + ++ 
No.2| UI 4 . (rH vate ™ Pm + + | # | + 
| M. Ai) 0 6.5 
| PH(-) | BGC " +| #| #| # 
| # | od | + | + | + | + 
o | L ( -) | A {rH + ++ tet HO aot + | ++ 
No. 3 | |. Ey, vie! a .: * | * i © + 
M.C 2.5%) 26.5 | 54.5 
| P.H(-—)| B {Gc | | re H} | rm | Ht 
a | el wl «| +f #1] #1 + 
Normal; I(-—)| A {rH i * 2 . 2 = | : 
Bese | M.C | 14.2%) 26.5 | 63.5 | 
| PH(+)| B {a 2 2%| 26.5 3.5 | 
G.C | p | + + tH tH 
A: On distended preparations B: On inserted glass surface 
L: Leucocytes P.H: Prehistiocytes 
F.H: Free histiocytes M.C: Mononuclear cell 


G.C: Giant cell 


2. Ditto in pretreated rabbits 

Normal rabbits were subjected to various pretreatments for observing the 
changes in the activation or inhibition of the function of subcutaneous histiocytes 
after such pretreatments. The pretreatments consisted in administration of 
heterogeneous protein (typhoid vaccine, communin and horse serum), antibiotics 
(streptomycin, PAS, INAH, sarkomycin and promin), lipoids (cholesterin, 
cholesterin plus lecithin, and hydrocarpus oil), pigments (Trypan-blue and Evans- 
blue), and X-ray irradiation (200 r, 400r and 800r), as specified in Table II. 
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TaBLE II 
Dosis per Method of Glass 
Test measure administration Dosage application inserted on 
A. Heterogeneous Proteins 
i) Typhoid vaccine 5 cce/kg l intraperitoneous 16th day 
ii) Communin 10 cc/kg ” } ” ” 
iii) Horse serum 10 cc/kg ” intravenous ” 
B. Antibiotics 
i) Streptomycin 0.1 g daily intravenous 5th day 
ii) PAS 0.5 g , ’ P 
iii) INAH 20 mg ” ” ” 
iv) Sarkomycin 0.1 g ” ” 15th day 
v) Promin 1.0 ce ” ” 2nd day 
C. Lipoids 
i) Cholesterin ; 0.5 g daily intraperitoneous 22nd day 
ii) Cholesterin +. Lecithin 15¢+15¢ l ” 4th day 
iii) Hydrocarpus oil | 10% 20 ce daily ” llth day 
D. Pigments 
i) Trypan-blue 1% 5cc every other day intravenous 33rd day 
ii) Evans-blue | 1% 5cece ” ” 9th day 
E. X-ray 
i) 200r 1 over the whole back 2nd day 
ii) 400 z= | a ” ” 
iii) 800 r | ” ” ” 


1) After heterogeneous protein 

In the animals pretreated with heterogeneous protein, the proliferation of 
RES cells was found more rapid and next after typhoid vaccine. In the distended 
preparations sampled before the insertion of glass, prehistiocytes not observed in 
the intact rabbits were discovered in all the cases of this group. 

2) After antibiotics 

INAH and promin caused the strongest proliferative reaction, followed by 
streptomycin and sarkomycin, but PAS administration was followed by a some- 
what subnormal reaction only 

3) After lipoids 

The animals pretreated with lipoids showed strongest reactive proliferation 
without exception 

4) After pigments 

While Trypan-blue called forth a strong proliferation of the RES cells, the 
reaction after injection of Evans-blue was rather feeble, showing that the latter 


causes a hypofunction of the RES 
5) After X-ray irradiation 
Upon irradiation of 200r or 400r of X-ray, the reactive proliferation was 
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TaBLE III. Subcutaneous Findings on Inserted Glass Surface 





| After glass P : . ane 
insertion | 12h | 24h | 2d | 3d | 4d | bd | 7d 


10.5~ (22.5~ |46.5~ | 


Normal oe 13%! 26.5% 54.5% 
ial | + + + Ht 
Typhoid vaccine 7 29.0% 38.0% na Son es " 
cAG p te ae 
Communin ” 30.0 | 53.0 | 75.0 
Be + +t itt itt 
Horse ‘serum a 12.0 32.0 65.0 | | 
1 | + | # | wt 
Streptomycin ” 14.0% 30.0%| 76.0%) 
+ H+ | i itt 
PAS ” | 10.0 | 20.0 55.0 } 
| 7 =) eT eS 
INAH » | 30.0 | 65.0 | 85.0 ee ee 
+ | # | # | OCU 
Sarkomycin » | 15.0 | 29.0 | 67.0 | | | | 
| +/+ |]wWi # 
Promin » | 15.0 | 32.0 | 73.0 | | | 
| ;e# | # | | mw 
Cholesterin , 25.0% 66.0% 89.0% | 
+ tt it! ft «=| | iit 
Cholesterin + Lecithin ” 18.8 48.0 74.0 | 
1 | # | om | om | om 
Hydrocarpus oil ” 16.0 | 30.0 | 75.0 | | | | 
+ | + | # | # | 
Trypan-blue ” 26.0%) 57.0%, 84.0% 
+ | # | Ho] ow | om 
Evans-blue ” 5.0 16.0 | 25.0 | | 
££ id | + 
- - - - — ! U ! \ = i Pen 
X-200 r " 18.0% 38.0%! 90.0% | | 
1 | + | # | # | # 
X-400 r » | 20.0 | 36.0 | 76.0 | | 
= 5 * | 1 i! 
X-800 r " 8.0 | 18.0 | 38.0 hs 
+/# |e] + 


M.C: Mononuclear cell 
G.C: Giant cell 


above normal, but irradiation of 800 r was followed by a mere subnormal reaction. 
IV. DISCUSSION 

As the promising indicators in morphologically evaluating the intensity of the 
reaction of RES cells, the author first selected the velocity of and the number 
in appearance of the histiocytes, the variability of the size of their cell bodies and 
nuclei, their basophilia, the increase of mitochondria, the rapidity of appearance 
and the number of newly formed histiocytes, especially, rounded histiocytes, and 
in particular, took up the quantitative change of the prehistiocytes and the new 
histiocytes produced from them as reflected on the surface of the inserted pieces 
of glass, as listed in the foregoing tables, as criteria for evaluating the reaction. In 
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the comparative study of my experimental results, the following points were given 
special attention : 

a. The relative proliferation per hour of the mononuclear cells appearing 
on the inserted glass piece between 12 and 48 hours after the insertion. 


TABLE IV 


Percentage of Mononuclear Cells Detected on the Glass Surface 


_ --Cholesterin 












- oe a 
4 
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« --- Communin 
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, a te 
“.--- Streptomycin 

70 ---: Typhoid vaccine 
«.. Horse serum 

60 Sarkomycin 
,«--- PAS 

JO te. gv. \ «- Normal 

ia vy 
40 a ZS _ 277 X-8008 
30 22! a 
J EZ 2 .--- Evans-blue 
AES ree" 
20 Zi (GEE a @ * oa 
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wo Gers.: 
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Grade of Detection of Giant Cells on the Glass Surface 
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b. The relative frequency of the giant cells found on the test glass on the 
third day. 

c. Comparative study of the findings on the distended preparation of the 
subcutaneous tissue sampled before the insertion of the glass sheets and the 
picture of proliferation of the mononuclear cells on the inserted glass. 

d. Comparative examination of the findings on the distended preparations 
of the subcutaneous tissue sampled from animals subjected to different 
pretreatments. 

Summing up such findings, the proliferation of RES cells was evaluated as 
having been the most rapid and strongest after INAH, cholesterm, communin, 
Trypan blue and 200 r of X-ray, owing to conspicuous activation of the histiocytes 
(Grade +3), next after typhoid vaccine and streptomycin (Grade +2), rather weak 
after horse serum and sarkomycin (Grade +1), but a little weaker than normal 
after PAS and somewhat still feebler after 800 r of X-ray (Grade —1) and Evans- 
blue caused a rather remarkable hypofunction of the RES at the dosis used in 
the experiment (Grade—2) 

In short, it was ascertained that the percentage of the mononuclear cells 
appearing on the surface of the inserted glass sheets on the second day and the 
number of giant cells appearing there on the second and the third days after the 
insertion will enable us to make inferences on the intensity of the RES cell reac- 
tion to an extent. 


V. SUMMARY 


1. In consideration of the important part played by the RES in dealing 
with inflammatory foci, an attempt was made in finding a method of quantitatively 
evaluating the defense reaction of this system. The authors succeeded in 
demonstrating the possibility of evaluating the intensity of the reaction by 
cytological examination at stated intervals of the infantilization of the RES cells, 
their numerical increase and the number of detected round histiocytes appearing 
in the inflammatory foci against foreign bodies induced by insertion of slide- 
glasses beneath the back skin of rabbits, and that the actual state of the cytological 
reaction is reflected on the surface of the inserted glass pieces. 

2. It is herewith proposed that for evaluating the defense capacity of the 
RES by this method, the count of the mononuclear cells on the glass on the 
second day and the comparative observation of the number of giant cells 
detected on the glass surface on the second and the third days after the insertion 
of glass give serviceable criteria. 

3. A general parallelism was observed between the findings on the 
subcutaneous histiocytes before and their extent of proliferation after the 
glass insertion. 
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Fig. 1. Normal rabbit 


Distended preparation of subcutaneous tissue before insertion of glass. 
The preexisting typical histiocytes are scattared about. No exudation of 
leucocytes. No basophilic elongated fusiform histiocyte in appearance. 


Fig. 2. Normal rabbit 


Glass specimen on 2nd day after insertion. The proliferated histioeytes 
appearing on the glass surface changed into free round cells of ununiform 
size, forming the so-called mononuclear cells, detected in the- mean rate af 
50% per field of vision (45-55%). 














M. Kojima and 8. Ohta 





Fig. 3. Normal rabbit 
3rd day glass specimen. The mononuclear cells now detected in a 
large number, including 2 smallest-sized giant cells and some small-sized 
cells of newly medium size. Grade of detection of giant cells (+). 





Fig. 4. 2nd day glass specimen from communin-pretreated rabbit 


The mononuclear cells on the glass surface much more numerous than 
in the specimen from normal rabbit, already grouped here and there, in the 


7-<O 


mean detection rate of 75%. 


ewe 


Fig. 5. 3rd day specimen from JNAH-pretreated rabbit 





Giant cells of smallest to medium-size detected in many places, larger 
both in size and in number than in unpretreated cases. One medium- 
sized giant cell observed. Grade of detection (+). 
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Fig. 6. 2nd day specimen from Evans-blue-pretreated rabbit 
Mononuclear cells sporadic and very subnormally few. Detection 


rate 16°). 





Fig. 7. 3rd day specimen from Evans-blue-pretreated rabbit 
Giant cell not yet detected, mononuclear cell less grouped than in the 


other specimens. 
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A Note for Identification of Uronie Acids 
in Mucopolysaccharides 
By 
Zensaku Yosizawa 


From the Medico-chemical Institute, The Tohoku 
University, School of Medicine, Sendai 


(Received for publication, February, 10, 1960) 


We have published four papers' *) from our Institute, dealing with deter- 
mination of hexuronic acids by paper chromatography. Those methods can 
be useful for hydrolysates of acid mucopolysaccharides. Nevertheless, acid 
mucopolysaccharides are, more or less, difficult to hydrolyze without any destruc- 
tion of uronic acids. Therefore, it might hardly detect uronic acids in the 
preparations in which small amounts of uronic acids are present. On the other 
hand, we might enable to identify uronic acids as aldoses or alditols by reducing 
them prior to hydrolysis. 

This paper reports an application of this method on a crude heparin pre- 
paration. As known already, heparin is the most resistant substance to acidic 
hydrolysis among acid mucopolysaccharides due to the fact that on acidic hydrol- 
ysis, the first stage involves rapid cleavage of the labile sulfamic acid groups’. 
and the establishment of -NH, groups along the glucosamidic-linkages of the 
heparin molecules accounts for strong resistance to further attack by hydrions due 
to the electrostatic shielding effect of the -NH, groups. Moreover, my experi- 
ment® showed that even an esterified N-acetyl heparin was resistant to complete 
reduction. Therefore, in this experiment »-heparin was, at first, hydrolyzed 
with 0.5N sulfuric acid followed by N-acetylation, esterification and reduction, 
next the reduced N-acetyl derivative of heparin hydrolysate was hydrolyzed 
again with IN sulfuric acid. The hydrolysate gave the spots indicating large 
amounts of glucitol probably together with iditol, a small amount of glucose, 
very small amounts of idose and glucuronic and iduronic acids and their lactones, 
besides a large amount of glucosamine and a small amount of glucosaminol on 
paper chromatograms. 

The iduronic acid in the crude heparin preparation was the contaminant’? 
derived from an iduronic acid-containing mucopolysaccharide*). Even a small 
amount of uronic acid, such as the iduronic acid in this experiment, could be 
identified by this method. 
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EXPERIMENTAL 


A. The Procedure of Paper Chromatography 

The paper chromatography was performed by using Whatman No. | filter 
paper (45x14 cm.) in the descending way, irrigated with solvent mixtures n- 
butanol-pyridine-water (6: 4: 3 by volume) and t-amylalcohol-water-n-propanol- 
ethanol (40: 20: 13:5 by volume), and sprayed with aniline-hydrogen-phthalate® 
and with sodium metaperiodate-permanganate-benzidine™. The R; values of 
the reference sugars and sugar alcohols for these solvents are shown in Table I. 


TaBLE I. Ry Values of Sugars and Sugar Alcohols 
Solvent 


n-butanol-pyridine- | t-amylalcohol-water- 


water n-propanol-ethanol 
(6:4: 3) | (40:20:13: 5) 
D-glucuronic acid 0.08, 0.56* 0.24, 0.41* 
p-galacturonic acid 0.06 0.20 
L-iduronic acid 0.14, 0.72* 0.36, 0.62* 
D-glucose 0.32 0.20 
L-idose 0.42 0.28 
D-glucitol 0.28 0.20 
L-iditol 0.27 0.20 
p-glucosamine hydrochloride 0.23 0.12 
N-acetyl p-glucosamine 0.42 0.29 
p-galactosamine hydrochloride 0.18 0.11 
N-acetyl p-galactosamine 0.38 0.27 
p-glucosaminol hydrochloride 0.16 0.10 
* uronolactone 
B. Identification of the components in a crude heparin preparation 


An amount (0.2 g.) of the crude sodium heparinate (N : 2.394, 8; 11.9%, Na: 
19.5%, moisture : 0.494) of the Upjohn Company, U.S.A., was dissolved in water 
(20 ml.) and passed through a column (215 cm.) of Dowex 50 (H* form). The 
effluent and washing were introduced into an aqueous potassium acetate solu- 
tion. The potassium y-heparinate was precipitated with alcohol ; yield 0.18 g. 
(N: 2.5%, S: 4.7%, K: 13.7%, moisture : 3.8%). 

An aqueous solution (0.1 g. in 10 ml.) of the crude y-heparinate was treated 
with Dowex 50 by the same way as above, and the effluent and washing mixture 
was condensed in vacuo to 10 ml., to which was added the same volume of 1 N 
sulfuric acid and then hydrolyzed in a boiling water bath for 18 hrs. under reflux. 
The sulfate ion was removed from the hydrolysate as barium sulfate, and the 
resulting filtrate was concentrated to a sirup. The sirup was dried by repeated 


distillation with ethanol. 
The dried hydrolysate was acetylated with a mixture of acetic anhydride 
(2ml.) and pyridine (5 ml.) at room temperature for 24hrs.. The reaction 
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mixture was poured into 50 ml. of ice-water, and concentrated to a sirup. The 
sirup was dried by repeated evaporation with ethanol. The residue was dissolved 
in 10 ml. of methanol, through which a rapid stream of anhydrous ammonia was 
passed for 30 min. at 0°C. After standing for 2 hrs. at room temperature, the 
solution was concentrated under reduced presssure to dryness and further dried by 
repeated evaporation of its methanol solution. The resultant N-acetyl derivative 
was dissolved in 10 ml. of water and passed through a column of Dowex 50 (H* 
form), and the column was washed with water. The effluent and washing were 
evaporated to a sirup, from which the substance was precipitated with 50 ml. 
of an ethanol-ether (1 : 2) mixture, dried in vacuo over phosphorus pentoxide ; 
yield 60 mg.. 

The above N-acetyl derivative was esterified with 20 ml. of methanolic hydrogen 
chloride (0.12 M) under mechanical shaking at room temperature for 24 hrs.. 
After condensed to 5 ml., the esterified material was precipitated by addition of 
100 ml. of a mixture of ether-petroleum ether (1:1). The precipitate was 
washed with the same solvent mixture and dried; yield 55 mg.. 

The aqueous solution (50 mg. in 20 ml.) of the esterified product was reduced 
twice with sodium borohydride (2.5 ml. of 0.3 M solution) in the presence of 1 ml. 
of Dowex 50 (H* form) and 1.2 ml. of aqueous boric acid (0.05 M) under cooling in 
an ice-bath by the procedure of Frush and Isbell". The reduction product (the 
decrease of the uronic acids content was 91° compared with the amounts before 
reduction) was passed through a column of Dowex 50 (H* form) and the column 
was washed with water. The combined solution of the effluent and washing was 
evaporated to dryness and this was dried by repeated evaporation with methanol. 
The final residue was hydrolyzed with 5 ml. of 1 N sulfuric acid under reflux for 
10 hrs.. The sulfate ion was eliminated from the hydrolysate as barium sulfate, 
the resulting filtrate was passed through a column of Dowex 50 (H+ form), 
and the column was washed with water. The effluent and washing mixture 
was concentrated to a sirup. The condensate was examined by paper chroma- 
tography. The spots indicating large amounts of glucitol probably together 
with iditol, a small amount of glucose and very small amounts of idose and 
glucuronic and iduronic acids and their lactones were found. The eluate of 
the finall Dowex 50 column with aqueous ammonia (5%) was concentrated to 
dryness, and this was dried by repeated evaporation with methanol. The 
residue was dissolved in 0.5 ml. of water and chromatographed on paper. This 
eluate gave the spots corresponding to a large amount of glucosamine and a 
small amount of glucosaminol. 


The author is indebeted to Prof. M. L. Wolfrom (Department of Chemistry, The Ohio 
State University, Ohio. U. S. A.) for the preliminary study of this work in his laboratory. 
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Cholesterol Transport Mechanism of Hypercholesterolemia 
in Cholesterol-Fed Chicks 


By 


Takeo Kuroyanagi 
Prof. Okinaka’s Clinic, School of Medicine, University of Tokyo 
(Received for publication, February 10, 1960) 


It has been well known that the blood cholesterol level is closely related with 
the atherogenesis.':***) Many authors have reported that ratio of cholesterol to 
phospholipids*’ and the low density lipoprotein®.’) or the ratio of f-lipoprotein to 
a-lipoprotein®’ were also in good relations with atherogenesis. 

According to the modern concept of atherogenesis®, it is generally believed 
that most of the cholesterol in atheroma is filtered from circulating plasma cho- 
lesterol. This filtration concept seems to be adequate at least for atherogenesis 
in experimental animals. The cholesterol in circulating blood is bound to plasma 
protein. The infiltration of plasma cholesterol into arterial wall, therefore, should 
be influenced by the protein molecule with which it is associated. It is important 
to study not only plasma cholesterol level but also cholesterol transport mecahnism 
to understand the process of atherogenesis. 

Actually most of the plasma cholesterol is associated with a-and f-globulin 
and the cholesterol content is variable in each plasma protein fraction. Some 
authors have reported that this cholesterol transport pattern might be changed 
in severe hypercholesterolemia of human subjects. Barr™ has reported that 
the cholesterol in C-fraction of plasma of atherosclerotic patients is higher than 
that of normal persons. Few studies, however, have been reported concerning 
the cholesterol transport mechanism in hypercholesterolemia of cholesterol-fed 
chicks. 

Studies on the changes of the cholesterol transport mechanism were therefore 


‘ 


understaken. 


METHODS 


1. Starch electrophoresis 

Starch electrophoresis was done according to the method reported by 
Paigen’” with slight modification. Potato starch in the form of 400x5x1 cm 
starch block was used as suporting medium. Two ml of serum and barbital buffer 


at pH 8.5 and ionic strenth 0.075 was empolyed for separation. 
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On completion of the separation (400 volt 50/4 mA 16 hours) the starch 
block was cut into 40 segments, being placed in 50 ml beakers. Four ml of 
physiologic saline was added to each beaker and after stirring the starch and 
allowing it to settle, 0.2 ml of supernate was removed from each beaker, in order 
to determine the serum protein pattern by Lowry’s'?’ method. 

Hot alcohol-ether was added to partially dried starch segments to extract 
cholesterol. Cholesterol in each segment was determined by Kingesly’s'? 
method. 

2. Paper electrophoresis 

Paper electrophoresis was performed to determine the ratio of -lipopotein 
to a-lipoprotein according to Swahn’s™) method. 
3. Experimental animals 

Newly hatched chicks were given normal commeircal diet for 13 weeks and 
then separated at random into two groups. 

Group I (RO) received commercial mash diet to which 5% cottonseed oil 
was added. 

Group II (CO) received the same diets pupplemented with 2% crystaline 
cholesterol. This group was divided into two subgroups, according to the serum 
cholesterol level at the time of sacrifice. CO I group : Total serum cholesterol was 
under 500 mg%. CO II group: Total serum cholesterol was above 500 mg%. 


RESULTS 


1. Reproductibility of the method. 

In order to test the reproducibility of this method, blood sample taken from 
the same chick was divided into two portions. The serum total cholesterol value in 
each portion was determined by Schoenheimer and Sperry’s*’ method and plassma 
proteinpattern by starch electrophoresis, respectively, with reasonable agreement. 

The cholesterol content in each protein fraction showed reasonable agreement 
between two divided portion of one sample as well as the ratio of cholesterol in 
B-lipoprotein to that in a-lipoprotein. 

2. Cholesterol transport mechanism in RO group. 

The mean value of total cholesterol was 83 mg®. Cholesterol in albumin and 
a,-globulin, a,-globulin, £,, 6.,and y-globulin was 46,6 mg%, 8.3 mg%, 7.1 mg%, 
16mg% and 4.6 mg%, respectively. 

The percentage of cholesterol content of each protein to total cholesterol 
was as follows: Cholesterol in albumin and a,-globulin was 56.59%, a,-globulin 
10%, B:-globulin8%, £.-globulinl19% and y-globulin6%. 

3. Cholesterol transport mechanism in CO group. 

Average serum total cholesterol in CO I group was 281 mg %. A marked 
increase in cholesterol content was observed in #,-globulin as shown in table 3, 
resulting in the increase of the per centage of cholesterol in this fraction to total 
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TasLe I. Reproducibility of Method 
| Serum | Chol. in | Chol. in | Chol. in | Chol. in | Chol. in |4 cy.) 
No.of, total | Total Al+a, a, By By Y a 
chick choles- amount 
me | tero % % % % | % 
mg% mg% mg% total mg% total mg% total mg%, total mg% total @-Chol. 
No.247 53 61.8 | 32.9 55.0! 46 17.3 7.5 12.0 10.8 17.8; 5.0 8.0! 0.60 
St 67.4 | 31.4 465) 66 9.8) 10.4 14.9) 16.9 25.1) 2.4 3.5) 0.77 
No.279 78 «== 96.7 | 50.3 52.1, 86 88 5.7 5.9| 234 24.1) 8.7 9.1| 0.64 
ee 109.5 | 63.1 57.5) 3.5 3.2) 10.4 9.5 | 27.7 25.4 | 4.7 4.3 0.68 


Serum total cholesterol was determined by Schoenheimer and Sperry’s method. 








% total: Per centage to total amount. 
TaBLE II. Cholesterol Transport Mechanism in RO, COI and COII Group 
| Total | — Chol. Chol. Chol. Chol. | Chol. 
Group | Chol. | in Al+e, in a in Ay | in By } in Y 
| mg% img% %totalmg®%, %totalmg%, %,totalimg% %,totallmg% % total 
RO 82.6 46.6 56.5 8.3 8.6 pm 8.3 | 16.0 19.4 46 53 
+21.3 410.3 +3.5, 42.8 132.8 43.6 43.5 43.0 43.7. 43.1 43.5 
COI 261.1 | 61.9 22.2 | 19.9 6.7 137.4 41.7 | 50.6 18.3 | 12.2 4.4 
+49.2,46.0 424 44.7 44.2, +313 +8.5 144 +5.1) +5.1 42.3 
Coll (1157.8 (113.1 9.8 (301.1 26.0 |709.0 58.7 | 37.8 3.9 | 15.8 1.3 
| +357.6 +45.8 42.2) 4158.2 +9.6/4256.8 +12.4| +13.6 +2.6 +13.8 +0.4 
Taste III. 8-Lipoprotein Cholesterol/#-Lipoprotein Cholesterol 
Fatio and 8-Lipoprotein/a-Lipoprotein Ratio 
Chol. in Chol. in p-Chol. | g-Lipoprotein 
Group e-Lipoprotein 8-Lipoprotein LS Eetiioes0. ceo 
mg % mg % «-Chol | @-Lipoproteinn 
RO 548+ 9.0 | 27.74 8.7 0.50401 = | 4.6418 
coll 80.81 27.9 200.3+ 46.0 2.88+1.9 
Col 412.24201.5 762.8+248.1 2.1 +1.1 18.8+.5.6 
cholesterol. On the other hand, decrease of the percentage was seen in albumin 


and a,-globulin, depsite of the slight increase of cholesterol content in them. 
Average serum total cholesterol value in CO II group was 1158mg%. A 
marked increase cholesterol content was located in a,-globulin and £,-globulin, 


as shown in table 2. 


The percentage of cholesterol in albumin and a,-globulin showed a remark- 
able reduction, while that in a,-globulin and f,-globulin increased markedly. 
4. Comparison of cholesterol transport mechanism with the liporotein pattern. 

The f-lipoprotein cholesterol, including cholesterol in albumin, a,-and 
a,-globulin, was 55 mg%, 8lmg%, and 414 mg% in RO, COI and CO II group, 
respectively. The (-lipoprotein cholesterol including cholesterol in f-and y- 


globulin was 28 mg%, 200 mg% and 744mg% in RO, COI and CO II group, 
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respectively. 

The ratio of #-lipoprotein cholesterol to a-lipoprotein cholesterol was 0.5, 
2.9 and 2.2 in RO, CO I and CO II group, respectively. 

In marked contrast to these findings, the ratio of #-lipoprotein to a- 
lipoprotein determined by paper electrophoresis was 4.6 and 18.8 in RO and CO 
II group, respectively. 

DISCUSSION 

Kunkel'*."7) has reported that the cholesterol transport mechanism in 
hypercholesterolemia showed marked variations according to the kind of diseases. 
For example, a very high peak of cholesterol is seen in f-globulin, while cholesterol 
in a-globulin is extremely low in biliary cirrhosis with hypercholesterolemia. In 
essentiall hypercholesterolemia, cholesterol is markedly increased in f- golbulin, 
and normal in a-glboulin. In sharp contrast to these diseases, cholesterol is 
almost absent in f-globulin and high cholesterol peak is always located in region 
between a and f peak in nephrotic patients with hypercholesterolemia. 

However, the changes of cholesterol transport mechanism of hypercholester- 
olemia in cholesterol-fed chicks are little known. Tennets’!*) study is the only 
one on this problem. According to him, there is good correlation between 
atherogenesis in cholesterol fed chicks and ratio of f-lipoprotein cholesterol to 
a-lipoprotein cholesterol. However, he did not give an exact cholesterol value 
in each serum protein fraction. Studies of this problem by means of starch 
electrophoresis was therefore indicated. 

In RO group, the highest peak of cholesterol was observed in albumin and 
a,-globulin and the second peak .was seen in #.-globulin. This is in sharp contrast 
to the cholesterol transport pattern of human being. Cholesterol in f-globulin 
is higher than that of albumin and a-globulin in human being. 

When the serum total cholesterol level was raised by cholesterol feeding, 
cholesterol increases in each protein fraction but the degree of increase is not 
similar. 

In COI group, total cholesterol level was three times as much as that of RO 
group. However, the cholesterol increase in /,-globulin was almost 20 times as 
much as that of 0% group, while the increase in albumin and a,-globulin, ~.- 
globulin, a,-globulin and y-globulin was less than three times. In COII group, 
total cholesterol was 14 times as much as that of RO group and 4 times as much 
as COI group. The cholesterol content of albumin and a,-globulin, £,-globulin 
and y-globuiln was 4 times as much as that of RO group, but showed no differ- 
ences compared with that of COI. Cholesterol in a,-globulin was 30 times as 
much as RO group and 15 times as much as COI group. Cholesterol in f,- 
globuin was approximately 100 times as much as RO and 5 times as much as 


COT group. 
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Accordingly, when serum total cholesterol of chicks increases by cholesterol! 
feeding, cholesterol accumulates at first in faster moving /-globulin and then in 
a,-globulin. 

It is evident from these experiments that the cholesterol binding capacity of 
albumin, a,-glboulin, y-globulin and slower portion of -globulin is somewhat 
limited, while it is so great in a,-globulin and the faster portion of B-globulin that 
most of the cholesterol accumulates in these regions in severe hypercholesterolemia. 

There were great differences between the ratio #-lipoprotein cholesterol to 
a-lipoprotein cholesterol and that of f-lipoprotein to a-lipoprotein. In RO 
group, f-lipoprotein cholesterol was lower than a-lipoprotein cholesterol, while 
f-lipoprotein is higher than a-lipoprotein. 

In order to clarify this deviation between them, the relation between the 
lipids and their stainability by Sudan black was examined. As shown in table 
4, free cholesterol, stearic acid and capric acid were not stained by Sudan black, 
while cholestanone, cholesterol oleate, cholesterol palmetate, lecithin and oleic 


acid showed good stainability. 


TaBLeE IV. Stainability of Lipids with Sudan Black 





Extinction 
Cholesterol 0 
Cholestanol 0 
Cholestanone 0.68 
Cholestastane 0.12 
Ch-oleate 0.48 
Ch-palmetate 0.10 
Lecithin 0.13 
Oleic acid 0.15 
Stearic acid 0 
Capric acid 0 


0.2 mg of each sample was placed on the filter paper. 
It was stained with Sudan black and then eluted with 20% 
acetic acid in absolute alcohol. The extinction value of 
each eluate was read in a Beckmann spectrophotometer 
at 590 mz. 


Accordingly, it seems that the lipoprotein which is stained by Sudan black 
in paper electrophoresis represents not only the amount of cholesterol but also 
of phospholipids, unsaturated fatty acid, their ester and so on. 

These facts may explain reasonably the above mentioned difference between 
B-lipoprotein cholesterol / a-lipoprotein cholesterol ratio and f-lipoprotein / a- 
lipoprotein ratio. These facts also indicate that f-lipoprotein of chicks on 
commercial mash diet to which 5°{ cottenseed oil was added contains not only 
cholesterol ester but also a large amount of sudanophile lipids. It is certain that 
most of sudanophile lipids increases in f-lipoprotein as the cholesterol level of 


chicks is raised by cholesterol feeding. This result is very similar with the 
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Swahn’s’) finding that the 70-80 per cent increase of cholesterol, the total lipids 
and the phospholipids during the first few days of life was due to the striking 


increase in /-fraction. 
SUMMARY 


Cholesterol content was highest in albumin and a-globulin in chicks on 
commercial mash diet containing 5°% cottonseed oil. When serum cholesterol 
level is raised by cholesterol feeding, cholesterol accumulates at first in #,-globulin 
and then a,-globulin. 

In chicks on regular mash diet to which 5°% cottonseed oil was added and in 
cholesterol-fed chicks, the ratio of f-lipoprotein to a-lipoprotein determined by 
paper electrophoresis does not reflect exactly the ratio of -lipoprotein cholesterol 
to a-lipoprotein cholesterol, because not only cholesterol but also a large 


quantity of sudanophile lipids accumulates in /-lipoprotein. 
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In 1949, Utusi! isolated two glucidamins, besides heparin from pig lungs, 
one was soluble in glacial acetic acid and the other was insoluble in this acid. 
Glegg et al.?), in 1954, proved chromatographically the presence of galactose, 
glucose, mannose and L-fucose in a fraction of a cattle lung extract, and 
reported that fraction contained no glucuronic acid and the nitrogen content in 
that fraction was less than 10°. In 1957, Masamune et al.*) separated group 
active glucidamins and a group inactive but Molisch-positive mucopolysaccharide 
from human lungs of group A and group O persons. The isolated glucidamin 
from group A person differed from that from O person in their quantitative 
compositions as well as in optical rotations, even though both of them were com- 
posed of same sugars. However, the mucopolysaccharides from both sources 
had similar compositions and rotations, indicating their identity. In 1957, 
Tokita”) obtained from fresh pig lungs three glucidamins, a mucopolysaccharide, 
in electrophoretically homogeneous or almost homogeneous state, and three 
hexuronic acid-containing mucopolysaccharides. One of those glucidamins was 
weakly group A and O active, but others were group inactive. The group in- 
active mucopolysaccharide yesembled to that preparation isolated by Masamune 
et al.*) from human lungs. 

The present paper deals with a similar study on fresh bovine lungs, and the 
study showed: (1) Two glucidamins and a Molisch-positive mucopolysaccharide 
were isolated in electrophoretically homogeneous or almost same state. (2) 
The glucidmins contained galactosamine, glucosamine, galactose, mannose, 
L-fucose, sialic acid and 12 or more amino acids, and the mucopolysaccharide 
contained glucose and xylose and /or lyxose in addition to the sugars in the 
glucidamins and several amino acids. (3) Judging from the analytical data and 
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the physical properties of the hexosamine-containing substances reported pre- 
viously by various investigators and of these preparations in this paper, it appears 
that these substances bear organ-specificity rather than species specificity. 
EXPERIMENTAL 
Preparation Procedure 

1) Material, Extraction with 10°, saline 

Fresh bovine lungs were freed from adhering adipose tissues, membranes, 
trachea, bronchi and blood vessels as much as possible and then minced. 

1 kg. of the brei was extracted in a shaker with 3 1. of 10° aqueous sodium 


chloride solution at room temperature (5°C) for 24 hrs. with several drops of 


thymol-alcohol solution (20%) as an antiseptic. 21. of the red, opaque, 
somewhat viscous extract were obtained by filtration through a gauze and the 
extract was dialyzed in cellophane bags against running water for 2 days. Small 
amounts of precipitate appeared during dialysis, were discarded by centrifugation. 
The resulting red-brown translucent supernatant was condensed under reduced 
pressure to about 200 ml., and dialyzed again as above. Finally a syrup was 
obtained after concentration of the solution. The substance was precipitated 
from the syrup with absolute ethanol (1 1.), washed with absolute ethanol and 
ether, and dried in vacuo over anhydrous calcium chloride. 

The tissue residue after the first extraction was further extracted twice by 
the similar procedure. From three batches of fresh bovine lungs (4.55 kg.), 70g. 
of red-brown material (Molisch++, Goldschmiedt +, biuret-++, test for P+) was 
obtained. 

2) Fractionation and Purification 

a) Fractionation with ammonium sulfate 

The material (70 g.) was suspended in 300 ml. of water and its pH was ad- 
justed to 8.0 with sodium carbonate soluton. The suspension was homogenized 
under cooling on ice. The dispersed suspension was kept overnight in a refrige- 
rator, and then centrifuged. The insoluble material was further extracted twice 
with 150 and 100 ml. of dilute sodium carbonate solution (pH 8.0). The com- 
bined supernatant (550 ml.) after these extractions was acidified with 1 N hydro- 
chloric acid to pH 4.0. The precipitate formed after standing for several hours 
in a refrigerator was centrifuged off at 0°C. The brownish transparent super- 
natant was neutralized with 10°{ sodium carbonate solution to pH 7.0 and con- 
centrated in vacuo to 100 ml., to which was added the same volume of saturated 
ammonium sulfate solution at room temperature (7°C). After standing for 2 
hrs., the resultant precipitate was centrifuged off and the light brown transparent 
supernatant was 2/3 saturated by the addition of 25 g. of crystalline ammonium 
sulfate and centrifuged. The brown clear supernatant was dialyzed in cellophane 


bags against running water for 3 days and then condensed in vacuo to a syrup, 
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from which the substance was precipitated with absolute ethanol, washed with 
absolute ethanol and ether, dried in vacuo over anhydrous calcium chloride. 
Almost white powder (Molisch++, Goldschmiedt+, biuret +) amounted 11.8 g.. 
—Fr. I. 

The precipitate from 2/3 saturated ammonium sulfate solution was dissolved 
in 50 ml. of water, dialyzed, condensed, precipitated with absolute ethanol, washed 
with absolute ethanol and ether, and dried same way as above. 11.7 g. of brown 
powder (Molisch #, biuret++, Goldschmiedt+, test for P+) was yielded. - 
Fr. II. 

b) Fractionation and Purification of Fr. I with 90% phenol and ethanol 

Fr. 1 (11.7 g.) was extracted by occasional shaking with 250 ml. of 90% 
(v/v) phenol overnight at room temperature (approx. 10°C) and centrifuged. 


The insoluble portion was treated three times in the same way with 50 ml. of 


the same solvent. The remaining phenol-insoluble material was washed with 
absolute ethanol and ether until no more phenol odor could be detected, then 
dried in vacuo over anhydrous calcium chloride; yeild 3.9 g. (white powder, 
Molisch#4+, Goldschmiedt+, biuret —) — Fr.I-A. 


On the other hand, to 400 ml. of pooled phenol extract was added 4¢. of 


anhydrous sodium acetate, then fractionated by successive addition of absolute 
ethanol to concentrations of ethanol (by volume) shown in Table I. The 
precipitates formed at each ethanol concentration were collected by centri- 
fugation at 0°C, washed with absolute ethanol, and dried in vacuo over anhydrous 
‘-alcium chloride. The results are given in Table I. The fractions thus obtained 


TABLE I 





Alcohol conc. - Molisch 
yt Yield (mg.) Reaction 
0-5 250 + 
5-10 100 + 
10-15 80 } 
15 20 85 : 
20-25 75 4 
25-30 30 + 
30-35 65 + 
35-40 65 + 
40-45 160 +} 
, 45-50 390 Hh 
Fr. 1-B 0-55 155 ++ 
55 60 100 tH 
60-65 90 
65-70 75 
70-75 60 
75-80 0 } 


from the phenol extract at concentrations of ethanol between 40 and 60°, dis- 
tinguished themselves in intensity of Molisch reaction from other fractions which 
gave faint or almost no color for the reaction. These strongly Molisch positive 
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fractions were put together ; yield 0.8 g.— Fr.I-B. 

After standing for several hours in a refrigerator, the aqueous solution of 
Fr. I-A (3.8 g. in 100 ml.) was centrifuged at 0°C to remove some insoluble materi- 
al, the clear supernatant was adjusted to pH 7.4 with saturated baryta and 
centrifuged. To 100 ml. of supernatant was added | g. of barium acetate, then 
fractionated by successive addition of absolute ethanol as before. The results 


of the fractionation are shown in Table II. The mixture (370 mg.) of the 


TABLE II 








Alcohol cone. (%) Yield (mg.) Molisch R. 
0-5 250 
5-10 200 
10-15 200 
15-20 150 
20-25 100 
25-30 30 
30-35 5 
35-40 50 
40-45 100 
45-50 150 
50-5! 35 
55-60 35 
60-65 15 } 
65-70 45 4 
70-75 5 tf 


ethanol fractions between 40 and 75%, giving strong Molisch reaction, was dis- 
solved in 80 ml. of water and dialyzed against running water for 2 days. The 
precipitate formed upon addition of barium acetate (0.4 g.) was centrifuged off 
and the supernatant was subjected to successive ethanol fractionation as before. 
The results are listed in Table ITI. 


TABLE III 





Alcohol cone. (%) Yield (mg.) Molisch R. 
0-40 80 
40-75 170 
75 40 


The precipitate (160 mg.) at ethanol concentration from 40 to 75% was dis- 
solved in 20 ml. of 1% barium acetate solution and fractionated again with 
ethanol. Electrophoretic patterns of the fraction at 50-65% ethanol concen- 
tration in the final fractionation showed almost single boundary. This prepara- 
tion (130 mg.) was classified as mucopolysaccharide according to its analytical 
data (Table XI, XII). 


The Fr. I-B gave electrophoretically two boundaries in a veronal buffer 
g ] 
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TaBLe IV 





(pH 8.6). For the further purification of this fraction, the substance was dis- 
solved in 80 ml. of 1° sodium acetate solution and subjected to ethanol fractiona- 
tion again. Table IV shows the results of this fractionation. The mixture of 





















Alcohol cone. (°%%) 


0-10 
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
75-80 


0 


Yield (mg.) 


TABLE V 


Molisch R. 


+ 


+EESSE S| 


the precipitates at 50-75% ethanol concentration was classified as glucidamin 
I, on the fact that it gave electrophoretically single symmetrical boundary in 
both an acetate-buffer (pH 4.7) and a veronal buffer (pH 8.6) (Fig. 1), and also 
on its analytical data (Table XI, XII). 
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900 
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c) Fractionation and Purification of Fr. II with ammonium sulfate and 
ethanol 

The powder of Fr. II (11.6 g.) was dissolved in 100 ml. of water, the pH was 
adjusted to 8.2 with sodium hydroxide. Small amounts of precipitate appeared 
after standing for several hours in a refrigerator, were centrifuged off at 0°C. 
The supernatant was neutralized with | N hydrochloric acid to pH 7.0, added 
| g. barium hydroxide, and then centrifuged. The supernatant thus obtained 
was fractionated by successive increasing of concentration of ammonium 
sulfate as shown in Table V. Each precipitate from each fraction was dissolved 
in water, dialyzed against running water for 2 days, condensed to a syrup, pre- 
cipitated with ethanol, washed with ethanol and ether, dried in vacuo over 
anhydrous calcium chloride. Yields and figures of the fractions are shown in 
Table V. 


TABLE VI 





a one. Yield (mg.) _-Moliisch R. 


oO 


5 1000 

10 700 

15 850 

20 500 

25 550 

30 500 

35 300 

40 300 \ 

45 50 iH 

50 150 44 
pe eae 55 160 44 
Fr. H-a 60 100 rm 

65 100 14 

70 50 4 

75 250 

80 200 


TaBLE VII 





Alcohol oP Yield (mg.) Molisch R. 


oO 
5 700 
10 200 
15 100 
20 50 i 
25 10 rw 
30 50 4 
35 90 
40 15 } 
45 30 rrr 
50 70 Mm 
55 50 rr 
Fr. L-b’ 60 60 i 
65 40 mm 
70 40 rim 
75 40 ptr 
80 180 \ 


80 500 
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Precipitates at ammonium sulfate concentrations from 2.4 to 3.4 M, and 
from 3.6 to 4.4M were respectively put together, giving Fr. Il-a and II-b in 
Table V. Fr. Il-a was dissolved in 600 ml. of 1°% sodium acetate solution, and 
Fr. Il-b, in 250 ml. of the same solution. After removal of insoluble portion 
by centrifugation, each supernatant was fractionated with ethanol as before. 
The results of the fractionation are shown in Table VI and VII. The resultant 
fractions, Fr. I[-a’ and Fr. II-b’, were still not homogeneous electrophoretically, 
hence they were subjected to further fractionation with ethanol. Yields and 
analytical data of these fractions are given in Table VIII, LX and X. As can be 


TaB_LeE VIII 





Alcohol cone. | yield (mg.) | Molisch R. 


(%) 

0-10 trace 

10-30 325 + 

30-40 15 + 
Fr. I-a” 40-65 140 rm 

65< 130 +- 


TABLE IX 





er aaa Yield (mg.) Molisch R. 


oO 


0-10 trace 

10-30 130 } 

30-40 3 i 
Fr. I1-b’ 40-65 70 Ht 

65 < 135 } 


TABLE X 





N* (%) Hexosamine** 
Fr. IT-a” 11.2 9.3 
Fr. I]-b’ 11.0 9.5 
* Micro Kjeldahl, ** Masamune & Yosizawa®). 


seen in Table X and in Fig. 1, the precipitates (Fr. II-a” and Fr. II-b’) at ethanol 
concentration between 40 and 65°% from both Fr. Il-a’ and II-b’ gave identical 
analytical features and the same mobility with a single electrophoretic boundary. 
Therefore, it is apparent that these two fractions are identical. These preparations 
were combined together and classified as glucidamin IT, 


Properties of the Preparations 
Electrophoresis: The electrophoretic patterns of these preparations gave 
one or almost single symmetrical boundary in either acidic and basic buffers, 
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as shown in Fig. 1. 

Solubility: Both of the glucidamins were soluble in water at pH ranges from 
1.6 to 10, and in 90% phenol. The glucidamin II was soluble in 1/2 saturated 
ammonium sulfate solution at room temperature (7°C), whereas the glucidamin I 
was insoluble. Both glucidamins were insoluble in ethanol, acetone and ether and 
did not give any precipitate from aqueous solution upon addition of barium acetate 
or barium hydroxide. 

The mucopolysaccharide was more soluble in acidic water than in alkaline 
water. This preparation was also soluble in 2/3 saturated ammonium sulfate 
solution, but insoluble in 90° phenol, ethanol, ether and acetone. In aqueous 
solution, it gave slight turbidity upon addition of barium acetate, barium hydroxide 
and lead acetate. 

Ultraviolet absorption: As shown in Fig. 2, aqueous solution (10 mg.%) 


of all preparations absorbed ultraviolet light. 





Fig. 1. Electrophoretic patterns of 1°, solution of the Glucidamin I (1), 
II (2) and the Mucopolysaccharide (3) in veronal buffer (pH 8.6, I 0.2) (A) and 
acetate buffer (pH 4.7, I 0.2) (B). Temperature 15°C; current 5 mA; exposure 
120 minutes after starting current. Mobility: 


Glucidamin I 





, 1.18 x 0.0132497 x 0.18 An — 1 1 
A, Ss See 6.47 x 10-5 em2 sec 
A, at pH 8.6 0.005 x 4500 16.47 x 10°5 em? volt-! sec 
B, at pH 4.7 —0-5%0.0070980<0.18 _ _» gg ; 


0.005 x 4500 


Glucidamin II 


. 0.85 x 0.132497 x 0.18 
A, r 9.0 ° . 
A, at pH 8.6 0.005 x 4500 ; 
or wit! ‘ 
0.25 x 0.0070980 x 0.18 an : 


mt ge 45 0.005x 4500. 


Mucopolysaccharide 


A, at pH 8.6 - 0.4 x 0.0132497 x 0.18 4.94 se 


0.005 x 4500 
0.15 x 0.0070980 x 0.18 
0.005 x 4500 


B, at pH 4.7 0.85 ” ” 














m 


ote 





270. 290 310 
Wave -length (mu) 


Fig. 2. Ultraviolet absorption curve of the Glucidamin I (---s---s---), II 
(xx ) and the Mucopolysaccharide (—c—c—). 
Optical rotation in water : 


250 


\ j i . a. 1.251 =—-—§ 
Glucidamin I: [a], ~ 6.0445x1 28.1° (pH 6.8) 

‘ e ‘ - f , an - 0.98 x 1 ._ = —25 
Glucidamin II : (@] \= 0.0380x1 ~ 25.8° (pH 6.8) 
Mucopolysaccharide : [a] = 0.241 x 1 21.0° (pH 6.8) 


pd 0.0115x1 


Test-tube tests: The results of tests on aqueous solutions (0.3-0.5%) are 
listed in Table XI. 


TaBLE XI. Qualitative tests for the Glucidamin (GI.) I, II] 
and the Mucopolysaccharide (MPS). 





Test G.I | GLI | MPS 
Molisch ; + ive 4 
Ozaki-Turumi a. ws + + 


| 
| 


Neuberg-Saneyoshi 
Test for hydrolyzable sulfur 


Bial-Mejbaum for pentose and galactose + e P's 
Dische for deoxyribose E 
Biuret + ef a 
Test for phosphorus a J = 
illon + + = 
Hopkins-Cole + + = 
Sakaguchi rs ri 
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Quantitative analysis: The figures are shown in Table XII. 


TasLe XII. Composition of the Glucidamin (GI.) I, I 
and the Mucopolysaccharide (MPS) 





In equivalents per 


In per cent : : 
I equivalent weight 


Analysis 
Gl. I | Gl. II | MPS Gl. I | Gl. If | MPS 

Nitrogen* 7.9 11.2 4.4 8.0 18.2 3.4 
Hexosamine** 12.6 9.3 16.4 1.0 1.0 1.0 
Galactoset 6.1 7.8 12.1 0.5 1.0 1.0 
Mannoset 8.4 8.0 8.4 0.7 1.0 0.5 
Glucoset 7.9 0.5 
L-Fucose§ 0.9 0.4 1.1 0.1 0.1 0.1 
Sialic acidtt 5.1 2.4 0.6 3 0.2 0.02 
Xylose and/or lyxose as 63 . 

‘ ys . ee 0.5 

xylose 
Ash*** 3.4 5.5 14.5 


* Micro Kjeldahl, ** Masamune and Yosizawa®), + Masamune 
and Sakamoto®), § A modification of Dische and Shettles method?) 
tt Werner and Odin (Direct Ehrlich)*); Caled. as C,,H,,NO,) (325) 
(Cf. Blix et al.®), “4 Masamune and Sakamoto!), *** Pregl method 
without use of H,SO,. 


Paper chromatography of the components. 

a) Sugars. 10mg. of each preparation were sealed with 1 ml. of 1N 
sulfuric acid in a tube and hydrolyzed in a boiling water bath for 4 hrs... After 
cooling, the hydrolysate was neutralyzed with saturated baryta to pH 6.0 and 
the supernatant was condensed under reduced pressure to 0.05 ml., 0.01 or 0.02 ml. 
of the condensate were subjected to paper chromatography according to the 
procedure of Masamune and Yosizawa"™). As shown in Fig. 3, these were found 
spots corresponding to galactosamine, glucosamine, galactose, mannose, L- 
fucose for both glucidamin I and II. For the mucopolysaccharide, additional 
spots were found, which corresponded to glucose, xylose and/or lyxose, besides 
those sugars found for the glucidamins. 

b) Amino acids. 10mg. of each preparation were hydrolyzed with 1 ml. 
of 6N hydrochloric acid in a sealed tube in a boiling water bath for 24 hrs.. The 
hydrolysate was repeatedly evaporated in vacuo over solid caustic soda with 
occasional addition of water to minimize the hydrochloric acid in the hydrolysate. 
The hydrolysate was then filtered with suction and finally dried up. The residue 
was taken up in 0.05 ml. of water and 0.01 or 0.02 ml. of the solution was sampled 
on a 30X30 cm. square of Toyo Roshi filter paper (No. 50). Primary irrigation 
was effected with a solvent mixture of butanol-acetic acid-water (4 : 1 : 2 by volume) 
at 18-20°C for 10-11 hrs.. Secondary irrigation was developed with 80% (v/v) 
phenol in an ammonia-containing atmosphere at the same temperature for 17-19 
hrs.. Both of the glucidamins were revealed to contain aspartic acid, glutamic 
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Fig. 3. Paper chromatograms of sugar components in Glucidamin 
I (b), If (c) and the Mucopolysaccharide (d). 
Irrigation Solvent: butanol-pyridine-water (5:3:2 by volume) (A) and 
n-butylacetate-acetic acid-ethanol-water (3:2:1:1 by volume ) (B). Tem- 
perature of irrigation : 22°-23°C. Indicator : aniline-hydrogen-phthalate reagent 
of Partridge. Reference runs (a) carried out with 0.02 ml. of a standard solution 
which contained reference sugars (each 1%, concentration). 1 galactosamine; 
2 glucosamine; 3 galactose; 4 glucose; 5 mannose; 6 xylose; 7 L-fucose. 











Phenol (80%)/NH, L748. 


(secondary irrigation) Sass erie nay ache 


Fig. 4. Paper chromatograms of amino acids in Glucidamin I (A), 
II (B) and the Mucopolysaccharide (C). 

-aper squares Toyo Roshi filter paper No. 50. Primary irrigation effected 
with solvent butanol-glacial acetic acid-water and the secondary with solvent 
80%, phenol in an ammonia-containing atmosphere. Temperature of irrigation 
19°+1°C. Indicated with 0.19, ninhydrin in butanol saturated with water. 
1 aspartic acid; 2 glutamic acid; 3 serine; 4 glycine; 5 threonine; 6 alanine; 
7 tyrosine; 8 valine and/or methionine; 9, 10 leucine and/or isoleucine; 11 proline; 
12 hexonbases (histidine, lysine, arginine etc.); 13 hexosamines. 
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acid, glycine, serine, threonine, alanine, tyrosine, proline, valine and /or 
methionine, leucine and /or isoleucine and hexonbases. 

The hydrolysate of mucopolysaccharide gave spots corresponding to aspartic 
and glutamic acids, valine and /or methionine and leucine and /or isoleucine, but 
the presence of serine, glycine and hexonbases was obscure. Fig. 3 and 4 
show the chromatograms of the hydrolysates of the glucidamin I, II and the 


mucopolysaccharide. 
SUMMARY 


1) Two glucidamins and a Molisch-positive mucopolysaccharide were iso- 
lated from fresh bovine lungs in electrophoretically homogeneous or almost 
homogeneous state. 

2) The glucidamins contained galactosamine, glucosamine, galactose, 
mannose, L-fucose, sialic acid and 12 or more amino acids. The mucopolysac- 
charide contained glucose, xylose and /or lyxose in addition to those sugars found 
in the glucidamins and also several amino acids. 

3) Ultraviolet absorption, optical rotation and electrophoretic mobility 
of the preparations were examined. 
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Prof. T. Torikai for giving the author the opportunity of carring out this research in the 
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is also made to Assist. Prof. Z. Yosizawa for his help in preparing this work for publication. 
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It has been reported that one of the metaboic defects of diabetes mellitus 
is the impaired oxidation of pyruvic acid") or the presence of a block in the me- 
tabolic step between pyruvic acid and TCA cycle.*) These results obtained 
in alloxan diabetic animals stimulated us to see whether a similar disturbance 
also exists in diabetic patients. For this purpose, we performed intravenous 
pyruvate loading tests in diabetic patients and nondiabetic subjects and com- 
pared the changes in the urinary excretion of pyruvic acid, citric acid and a- 
ketoglutaric acid caused by the exogenous hyperpyruvaemia. Fructose tolerance 
is normal in diabetic subjects in contrast to glucose tolerance and the administra- 
tion of fructose produces hyperpyruvaemia in diabetic patients as well as in 
normal subjects.**’ In this study the fructose loading test was also performed 
to see the effect of endogenous hyperpyruvaemia on the urinary excretion of 


citric acid and a-ketoglutaric acid in diabetic partients. 
EXPERIMENTAL 
Method 


Eighteen nondiabetic subjects and 19 diabetic inpatients were used in this 
study. After an overnight fast, the urine was collected for one hour and this 
specimen was analysed to estimate the base line excretion of pyruvic acid, citric 
acid and a-ketoglutaric acid. 100 cc. of 10% sodium pyruvate was then infused 
intravenously over an one hour period, The rapid infusion of sodium pyruvate 
is attended by vascular pain which was the only side effect of sodium pyruvate 
observed in the present study. The urine specimens were collected hourly for 
three hours after the start of the infusion. The fructose loading test was 
performed in the same way, i.e, 100 cc. of 10% fructose solution was infused 
over an one hour period and the urine specimens were collected hourly for three 
hours. Urinary citric acid was determined by the method of Kuratomi and 
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Hosoya®) and pyruvic acid and a-ketoglutaric acid were determined by the 
method of Cavallini and Frontali®’ with an exception of our using 3°%% ammonium 
solution and n-butanol as solvents. In diabetic patients, this study was perform- 


ed prior to initiating insulin treatment or after the omission of regular insulin 


for 24 hours. 


The fasting excretion of pyruvic acid was 0.28.mg./hr. with a standard 
error of 0.02 mg. /hr. for 18 nondiabetic subjects and 0.37 + 0.04 mg. /hr. for 19 
diabetic patients. The difference was statistically significant (P<0.01). The 
excretion of citric acid in the fasting state was 20.9+ 1.6mg./hr. for the 
nondiabetic group and 19.1 + 2.6mg./hr. for the diabetic group. There was 
no significant difference between the two groups. The excretion of a-ketoglutaric 
acid was 0.79 + 0.06 mg. /hr. for the nondiabetic group and 1.12 + 0.10 mg./hr. 
for the diabetic group and the difference was significant (P<0.05). The hourly 
variation in the urinary excretion of these organic acids was determined 
in five healthy subjects during a four hour period and a fair constancy was 
The effects of the pyruvate infusion on the ex- 
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observed as shown in Table 1. 


cretion of these organic acids are summarized in Table 2. There was no 
significant difference in the effects of the pyruvate load on the excretion of 
pyruvic, citric and a-ketoglutaric acids by diabetic and nondiabetic subjects. 
The fluctuation rate (defined as the ratio of the hourly excretion of pyruvic, citric 
and a-ketoglutaric acids to the base line excretion of these acids) was altered 
in a similar fasion by the pyruvate load in diabetic patients and nondiabetic 
subjects. Table 3 shows the results of furctose infusion. In these experiments, 


TaBLeE I. Urinary Excretion of Pyruvic Acid, Citric Acid and a—Ketoglutaric 
Acid before and after the Infusion of Fructose 


RESULTS 








No. Age Sex 
5 


l 30 M 
2 30M 
3 31M 
+ 31M 
5 32 M 





Organic 
acid 


pyruvic 
citric 


a-ketogl. 


pyruvic 
citric 


a-ketog]. 


pyruvic 
citric 


a-ketogl. 


pyruvic 
citric 


«-ketog]. 


pyruvic 
citric 


a-ketogl. 


Urinary excretion (mg./hr.) 


1 2 3 4 hrs. 
36 32 30 .28 
13.0 13.6 13.5 15.0 
82 66 -76 69 
38 38 39 .29 
38.0 38.0 37.0 34.5 
94 -78 86 66 
5 16 14 20 
20.8 24.6 22.1 23.8 
42 51 55 -65 
25 24 .29 2% 
24.0 24.7 26.0 25.0 
44 54 52 4 
.28 25 24 .23 
28.8 26.0 20.1 25.8 
81 77 58 .67 
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the urinary excretion of pyruvic and a-ketoglutaric acids in the hour following 
the end of the infusion was significantly greater in the diabetic group as com- 
pared with the nondiabetic group. However, there was no difference in the 
fluctuation rate. This fact suggests that the high base line excretion of 
pyruvic and a-ketoglutaric acids observed in the diabetic patients is responsible 
for the apparent difference in the excretion of these two acids by diabetic and 
nondiabetic subjects after the fructose load. The increased excretion of a- 
ketoglutaric acid following the pyruvate load was approximately 30 times greater 
than following the furctose load, while the increase in the urinary excretion of 
pyruvic and citric acids following the pyruvate load was approximately twice that 
following the fuctose load. 
DISCUSSION 

The impairment of pyruvate utilization in diabetes mellitus was suggested 
by the in vitro experiments of Villee and Hastings’) with the diaphragmes of 
alloxan diabetic rats. However, the in vivo experiments of other workers’)~!°’ 
failed to demonstrate a defect of pyruvate utilization in diabetes mellitus except 
for the experiments of Markees.™) In all of these in vivo studies sodium 
pyruvate was injected intravenously and the blood pyruvic acid disappearance 
curves were compared in diabetic and normal animals. The present study 
performed in diabetic patients suggests that there is no demonstrable dis- 
turbance in the oxidation of exogenously administered pyruvate. The result 
of the fructose loading experiments, which provided an endogenous pyruvic acid 
load, show a fair agreement with the results of the pyruvate loading test. Miller 
and his co-workers*) injected fructose intravenously and followed the changes 
in plasma citrate level. Their results showed that the rise in plasma citrate in 
diabetic patients after a fructose load was similar to that observed in normal 
adults. These experimental results indicate that no block exists at the metaboilc 
step between pyruvic acid and the TCA cycle in compensated diabetic patients 
and agree with our previous experiments which showed no significant difference 
in active acetate activity as estimated by the acetylation of sulfanilamide and 
p-aminobenzoic acid in, diabetics and nondiabetics."®) 

In the present experiments, the fasting urinary excretion of pyruvic acid 
and a-ketoglutaric acid was significantly greater in the diabetic patients than 
in the nondiabetic subjects, but the excretion of citric acid did not differ 
significantly. It has been reported that diabetic patients without ketosis have 
a normal blood pyruvic acid level, and that diabetic patients with ketosis have 
an elevated blood pyruvic acid level.t*’-) Some workers found no significant 
increase of blood pyruvic acid level in diabetic patients even in ketosis.!6” 
An increase of acetoacetic acid in diabetic acidosis interfers with the determina- 
tion of pyruvic acid and produces an erroneously high level of blood pyruvic 








og 
fu 
18 
an 
ve 
ac} 
an 








d 


val 
ile 
its 
ce 


nd 


sid 
an 
Ter 
ive 
ive 
ant 
)17) 
na- 


vic 





Urinary Keto-Acids ete. in Diabetes 167 


acid.17)18) QOsterberg’’ found that the urinary excretion of citric acid was 
decreased in decompensated diabetic patients but that was almost normal in 
diabetic patients without ketosis. Diminished citricuria was also reported by 
Villano®” in diabetic patients. It was observed by Otto?) that the diminished 
excretion of citric acid in ketotic diabetic patients became normal as ketosis 
disappeared following insulin treatment. But the increase in citric acid excretion 
did not parallel the disappearance of ketosis. If the differences in fasting urinary 
excretion of pyruvic, citric and a-ketoglutaric acids are due to the derrangement 
in the metabolism of these organic acids in diabetes mellitus, the differences may 
be exaggerated by the administration of pyruvate as the fasting difference in blood 
glucose between diabetics and nondiabetics is exaggerated by a glucose load. 
The present experiment, however, showed no difference in the pattern of ex- 
cretion of pyruvic, citric and a-ketoglutaric acids after the administration of 
pyruvate or of fructose. 

We feel that in diabetes mellitus there is no primary defect in the oxidation 
of pyruvic acid, but rather that the primary defect in glucose metabolism may 
result in a secondary defect in pyruvate oxidation in some instances. 


ADDENDUM 


Since this paper was written, we have encountered additional works on 
this problem. Moorhouse”) performed the intavenous pyruvate tolerance test 
in 16 untreated diabetic patients and 24 healthy subjects. They found an 
abnormality of pyruvate disposal in diabetic patients in comparison with healthy 
subjects and this abnormality was not corrected by insulin treatment. Olson?*) 
also injected C'*-pyruvate in diabetic and nondiabetic subjects and he found 
no difference in plasma C*-a-ketoglutarate level between the two groups after 
C'-pyruvate injection. Foster and Siperstein®*) re-investigated the intermedi- 
ates of the TCA cycle of the liver with a sensitive gas chromatographic method. 
They failed to obtain a significant difference between normal rat liver and 
severely ketotic alloxan diabetic rat liver. Their results disagreed with that 
of Frohman and his co-workers®®). 


SUMMARY 


In order to see the disposal ability of pyruvate in diabetic patients, the ex- 
ogenous or endogenous hyperpyruvaemia was produced by the intravenous in- 
fusion of 10 g. of sodium pyruvate or 10 g. of fructose in 19 diabetic patients and 
18 nondiabetic subjects and the urinary excretion of pyruvic acid, citric acid 
and a-ketoglutaric acid was observed hourly for three hours. The results re- 
vealed that there were no significant differences in the changes of these organic 
acids excretion after pyruvate or fructose injection between the diabetic group 
and the nondiabetic group. This indicates that no primary metabolic defect 
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exists at the step where pyruvic acid enters TCA cycle. 
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Upon looking through the list of age-adjusted death rates for cancers in dif- 


ferent sites in Japan, we note that some items are excessively higher than the 


corresponding rates in Western countries, while some are exceptionally low. 


This peculiarity can be clearly noticed in the results!’ of our calculations based 
on the data directly furnished by the central statistics administrations of 24 


countries, and in the results?’ of calculations by Stocks’ simple method. 


hereunder give some results of statistical studies on cancer in Japan made chiefly 
by the staff members of our department from the view point of geographical 


pathology. 
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Fig. 1. Trend of age-adjusted death rates for stomach cancer in 
Japan, England and Wales, and Unites States (White) (Standard 
population : 46 countries in 1950) 
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1. Gastric Cancer 


The most notable specificity of cancer in Japan is the high prevalence of 


gastric cancer. Gastric cancer is frequent in Finland, Chile and Iceland also, 
but it must be noted that in Japan, the death rate for gastric cancer is still 
increasing year by year—a phenomenon not to be observed in any Western 
country as far as we are aware of. The death rate for this cancer is rising in the 
age-classes of 65-70 and above and remains nearly stationary in the age-classes 
of 60-64 and below. The trend of the age-adjusted death rates for gastric cancer 
in England and Wales, U.S.A. (Whites) and Japan is as shown in Fig. 1. The 
death rates here have been adjusted by age with the total population of 46 
countries in 1950 as standard (as is always the case herein-under, unless specially 
noted otherwise. The composition of the standard population is as given on 
page III of a separate publication!) of ours). 


Haviland*) pointed out a century ago that the geographical distribution of 


cancer is rather markedly uneven, even within the limits of one country. 
Following the path of this illustrious pioneer, many researchers in England, the 
Netherlands and so forth have tackled the problem of geographical difference in 
the frequency of cancers. In particular, Stocks‘) in England and Tromp and 
Diehl* in the Netherlands have gone deep into the study of the relation between 
the frequency of gastric cancer and the quality of soil. More recently, Haenszel®? 
has reported on the distribution of gastric cancer in the United States. The re- 
mark that the gastric cancer shows a curious distribution within the realms of a 
country seems to apply to many a land. 






01 Hokkaido 23 Aichi 35 Yamaguchi 
02 Aomori 24 Mie 36 Tokushima 
03 Iwate 25 Shiga 37 Kagawa 
04 Miyagi 26 Kyoto 38 Ehime 

05 Akita 27 Osaka 39 Kochi 

06 Yamagata 28 Hyogo 40 Fukuoka 
07 Fukushima 29 Nara 41 Saga 

08 Ibaraki 30 Wakayama 42 Nagasaki 
09 Tochigi 31 Tottori 3 Kumamoto 
10 Gumma 32 Shimane 44 Oita 

11 Saitama 33 Okayama 45 Miyazaki 
12 Chiba 34 Hiroshima 46 Kagoshima 





13 Tokyo 

14 Kanagawa 
15 Niigata 
16 Toyama 
17 Ishikawa 
18 Fukui 


19 Yamanashi P ee 
20 Nagano o/s 

21 Gifu 

22 Shizuoka 


Fig. 2. Map of prefectures in Japan 
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Fig. 3. Ratios of age-adjusted death rates for stomach cancer by 
prefectures, 1955. (Standard population : 46 countries in 1950) 


We will hereunder describe some features in the geographical distribution of 
gastric cancer in Japan, basing ourselves on the age-adjusted death rates cal- 
culated by Hiraide’’ and Suganuma®? of our department. 

Japan is divided into 46 prefectures for local administration. The age- 
adjusted death rate for gastric cancer in 1955 was the highest in Yamagata 
Prefecture and the lowest in Kagoshima Prefecture. The rate in Yamagata 
was higher than the average rate of all Japan by about 30%, both among men 
and among women, and lower by about 50% than the all Japan rate in 
Kagoshima. (Fig. 3) 

The 46 prefectures in Japan are subdivied into 1,027 city and county areas 
in total. We have computed the age-adjusted death rates for gastric cancer of 
every area in 1955 by direct method. The numbers of deaths of each area have 
been specially tabulated for us by the Statistical Department, Welfare Ministry, 
as itemized by sex and age-class. (Fig. 4, 5) 

There are 4 districts with particularly high death rates for gastric cancer in 
Japan as follows : 

(1) The district facing the Japan Sea in Northern Honshu 
(Marked A in Fig. 5) 
The district washed by the Sea of Japan on the west and lying between the 
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40° and 36° parallels shows high rate of deaths for gastric cancer all over and 
Yamagata Prefecture, the prefecture with the highest death rate to show among 
all the prefectures in Japan, lies in this district. This district is an outstanding 
rice-producing center in Japan but produces little else of agricultural crops. 
Winter is rigorous and snowy, and cloudy weather prevails in the colder season 
admitting little sunshine. The soil is humid. 
(2) Tokyo and its neighborhood (Marked B in Fig. 5) 

Several prefectures including the capital city and surrounding it constitute 
this district. A number of city and county areas with average death rates are 





Fig. 4. Ratios of age-adjusted death rates for stomach cancer by city 
(Standard population : 46 countries in 1950) 


and county areas, 1955. 
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Fig. 5. Regions with particularly high or Jow death 
rates for stomach cancer, 1955 


included in this district so that the district cannot be called a dense-packed 
aggregation of high-rated areas, as the District A above. Besides rice, wheat, 
barley and green vegetables as well as much sweet potatoes are produced in this 
district. In the list by prefectures, Tokyo ranks the twelfth for men and the 
seventh for women. : 

(3) Osaka and its neighbourhood (Marked C in Fig. 5) 

The two prefectures of Osaka and Nara are included in this district. The 
age-adjusted death rate in Nara Prefecture for men ranks the second and that 
for women the sixth of all the prefectures. This prefecture had been generally 
accepted as the area with the highest frequency of gastric cancer in all Japan. 
The habit of eating steaming rice gruel has prevailed for centuries in this pre- 
fecture and some authors are inclined to see a correlation between this habit and 
the high frequency gastric cancer here. 

(4) The Northern Kyushu District (Marked D in Fig. 5) 

This district containing many high-rated city and county areas lies in the 
northern part of the Kyushu Island, the southern-most of the four major islands 
of Japan. 

The three following are the districts consisting of areas with low death rates 
for gastric cancer. 

(1) The northern part of Honshu facing the Pacific Ocean (Marked X in Fig. 5) 
This district includes Iwate Prefecture with the lowest death rate for men 
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as well as women next only to Kagoshima Prefecture in District Z below. Lime 
stone is the prevailing bed-rock in this district. It has cold winter but snow is 
far less copious than in District A above lying to the west. The land is hilly 
and dry in most parts. 

(2) Shizuoka prefecture and its neighbourhood (Marked Y in Fig. 5) 

This district comprises the largest center of orange and tea production in 
Japan. 

(3) Western Japan (Marked Z in Fig. 5) 

The portion of Honshu lying west to the 135° meridian, east longitude. 
Shikoku Island and Kyushu Island, contain many areas with low death rates 
for gastric cancer, except the District D above of high rate in Northern Kyushu. 
Kagoshima Prefecture in the southern-most extremity of Kyushu shows the 
lowest rate for men and women in all Japan. Sweet potato is the staple food in 


this prefecture. 


We have the impression that the correlation between the nature of soil and 
the frequency of gastric cancer in the same area as propounded by Haviland?®), 
Stocks’, Tromp and Diehl®) are observable in some areas at least in Japan too. 
Low, illdrained and watery lands and alluvial lands, which constitute the 
largest rice-producing centers in Japan, usually show high cancer death rates. 
Districts over limestone bed-rocks, for example, the northern Pacific coastland, 
show low death rates for gastric cancer, but on this point, there are some ex- 
ceptions. Haviland*) has presumed that the acidity of soil frequently induced 
by repeated floods may be correlated with the frequency of gastric cancer. 
Hirayama®) has also pointed out that gastric cancer is particularly frequent in 
areas with acidic soil in Japan. 

According to the calculated rates by Ogata!) of this depratment, in the 
282 counties in Japan in which more than the half of the land under cultivation 
in the county is acidic, the percentage of the acidic soil and the death rate for 
gastric cancer was found significantly correlated at the rejection level of 0.1%, 
the correlation coefficient amounting to +0.214. But when also the county 
areas with less than half of the arable land acidic were included in the com- 
putation, no significant correlation was observable. Of the abovementioned 4 
districts with high cancer death rates, the District A in northern Honshu is rich 
in acidic soil, but in the districts comprising Tokyo and Osaka and their 
neighbouring prefectures, no perceptible correlation could be established between 
the prevalence of acidic soil and the death rates for gastric cancer. 


We have drawn up a map of Miyagi Prefecture, in which our Tohoku 
University is situated, indicating the age-adjusted death rates of the cities, towns 
and villages for the ten years from 1948 to 1957. (Fig. 6). Prof. Fujiwara of 
Agricultural Agrology of our University, seeing this map, remarked that he was 
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impressed by a possibility of some correlation between the nature of soil and the 
distribution of gastric cancer. In the northern portion of the prefecture, there 
lies an area in which communes with high cancer death rates are aggregated. 
This area is covered by a soil consisting of old volcanic ash, from which the basic 
components have been washed out in a long age, resulting in a strong acidification 
of the soil, so that the soil has to be neutralized with a large quantity of lime 
before planting rice. The cancer death rate is also high in peaty lands. Also 
in the middle part of the prefecture, where the death rate is average or lower, 
the surface soil consists of volcanic ash, but the acidity is weaker here, the basic 
components being yet better conserved. 
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Fig. 6. Age-adjusted death rates for stomach cancer 
among males by communal areas in Miyagi Prefecture, 
1948-1957 (Standard population : 46 countries in 1950) 


Volcanoes are abundant in Japan and many parts of the land are covered 
under volcanic ash, but these parts do not show necessarily high death rates for 
gastric cancer. In the areas of volcanic ash, where the soil is not humid, gastric 
cancer tends to be rather infrequent. We may suppose that unless the soil is 
humid, the human body is not subject to the bad influence of volcanic ash. We 
can say nothing definite on the relation between volcanoes and gastric cancer, but 
as the activity of a voleano may possibly change the chemical composition of the 
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surface soil, the frequency of gastric cancer may be more or less correlated with 
volcanic activity, at least in some cases. In this connection, it must be noticed 
that Iceland, Chile and Japan, three of the countries with highest gastric cancers, 
are rich in volcanoes. 

The age-adjusted death rate for gastric cancer in Japan is higher in the 
major cities with above 1,000,000 population than the national average, except 
in the average-rated Kyoto. If Western mode of living act in lowering the fre- 
quency of gastric cancer, the rates in these major cities should be lower than the 
average, but the actuality seems to contradict this premise. Areas with 
particularly high or exceptionally low death rates for gastric cancer are both 
found in the countryside. The major cities are still absorbing rural population, 
but the particularly high-rated and low-rated counties are now sending out their 
natives to the urban areas. Most of the subjects contracting gastric cancer in 
the rural areas are born natives of the villages, and can be looked upon as having 
been long under some influence of the living conditions of the native lands en- 
couraging cancer formation. Such rural residents are supposed to show heavy 
dependence on the food produced in the respective districts. The position 
occupied by canned, refrigerated and such preserved foods in Japan, especially 
in rural areas, is lower than in the Western countries. 

The postulate that gastric cancer is frequent in areas with high underground 
water level and with humid soil holds to considerable extent in Japan, too. 
Generally speaking, the humidity of soil is low in western Japan, while the 
principal rice producing centers in Japan are situated on alluvial plains, where 
the humidity is generally high. It is a miraculous coincidence that in the 
northern hemisphere, the cold and humid lands show high frequency of gastric 
vancer. 

The Japanese take rice as staple food, and rely for 57% of calorifies and 32°% 
of protein on rice (National Nutrition Census, 1958). In a rice grain, the part 
richest in fat and vitamin is the embryonic bud but the Japanese usually throw 
away this part while polishing the rice. As rice is washed with water rather 
thoroughly before boiling it, unlike in the case of baking bread of wheat flour, 
the water-soluble substanges, such as vitamin B,, are nearly all washed away 
before going into the pot. 

In our epidemiological survey"), we have once obtained the result that the 
rate of gourmands of rice was higher among the subjects with gastric cancer 
than among the non-cancerous controls. In this survey, however, we did not 
go into the details of actual daily menus but took down only the answers to our 
general questions, and the value of the data is limited in this respect. Wherever 
rice is produceable in quantity, it is economically most advantageous and secure 


for the farmers to produce rice, of which the producer price is officially kept at 
a protective level. In the District A (Fig. 5) where snow lies deep on the fields 
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through winter, a single crop of rice in autumn is the usual farming calendar and 
shortage in protein and vitamins A, B, C and D is rampant. But in the south- 
western part of Japan west to Tokyo it is the common practice to cultivate wheat 
and barley on the paddy-fields in winter besides dry-farm vegetables, beans and 
potatoes. Winter in these districts is warmer and less snowy so that the paddy- 
fields can be utilized for cultivating winter wheat and barley harvested in late 
spring. Moreover, green vegetables are easy to procure even in the coldest season 
here. 

In the great rice-producing districts, where rice alone is the main source of 
nutrition, overconsumption of rice is the natural sequence, for the protein content 
of rice is very small. Some Japanese scientists are inclined to find a correlation 
between this heavy rice consumption and gastric cancer. 

But it is clear that rice cannot be the universal chief cause of gastric cancer 
in the world, for gastric cancer seems to be not frequent among all the nations 
of southeastern Asia where it constitutes the staple food. Gastric cancer is ap- 
parently not frequent in Taiwan (Formosa). The age-adjusted death rate for 
gastric cancer in Ryukyu (Okinawa) was found to be low, according to the data 
recently supplied by Ogusuku. (Okinawa is an area with well-developed lime- 
stone bed-rocks.) Some Western countries where rice is rarely consumed as 
food have rather high rates of gastric cancer to show. 

According to our epidemiological survey", irregular meal times showed 
significant relation with the frequency of gastric cancer. I heard from Meinsma 
that similar observations have been made in Netherlands, too. 

Icelanders and Japanese are both great fish-eater, but in Japan, fish-meat 
is rarely smoked for preservation and in particular, in the rural areas, smoked 
fish is nearly unknown. In former days, salted fish was rather largely consumed, 
but at present, this habit is on the wave. In Japan, fish-meat is mostly boiled 
or broiled before serving. It is our impression that the areas with particularly 
high consumption of fish hardly coincide with the areas with particularly high 
frequency of gastric cancer in Japan. 

The death rate for cerebral hemorrhage is also high in Japan. Tohoku 
District comprising the northernmost six prefectures of Honshu where this rate 
is particularly high in Japan has a cold climate and the inhabitants consume 
much salty food. Some say that the Japanese relying much on vegetable food 
have to consume much NaCl to keep the equlibrium of K and Na in their body. 
Sato!) has inferred the possibility of the mucous membrane of a stomach 
damaged by concentrated saline may be afflicted by cancer. The age-adjusted 
death rates for cerebral hemorrhage and gastric cancer in the individual cities, 
towns and villages in Miyagi Prefecture were found to show a geographical cor- 
relation at the level of significance of 0.5°4!, but when viewed in nation-wide 


scope, it is doubtful whether such a parallelism can be established in Japan. In 








178 M. Segi and M. Kurihara 


Iwate Prefecture, the rate for gastric cancer is exceptionally low, but that for 
cerebral hemorrhage is especially high. 

In his intermediate report on epidemiological survey in England, Stocks"? 
reports that a high content of Zn was found in the garden soil of stomach cancer 
cases. Hirayama!) says that some gastric cancer areas are situated in the basin 
of rivers washing zinc deposits, but our observations have revealed too many 
exceptions. We have measured the Zn content in the drinking water used by a 
few of the gastric cancer cases in some rural areas of Miyagi Prefecture, but found 
it smaller than that in the city water of Sendai. This problem, however, is of 
importance for us, since the city water conduits are zine-plated on the inside 
in Japan. 

We drink with preference an alcoholic drink brewed from rice, the notorious 
sake, in Japan. This sake has a content of alcohol of 12-13%. At dinner 
parties, sake and / or beer is consumed, sometimes singly and sometimes in mélée. 
Not a few Japanese regularly enjoy 200-300 cc or even more of sake every even- 
ing. According to our survey, the rate of such habitual bibbers was found 
higher among the patients of gastric cancer than among the controls. Many 
of the heavy sake bibbers lose appetite for other food and are said to be apt to 
suffer from hepatic cirrhosis due to deficiency in protein. 

Many authors in Japan believe in the close etiological correlation between 
gastric ulcer and gastric cancer. The death rate for gastric ulcer in Japan is far 
higher than in Western countries.'*1?) Some are inclined to believe that the 
frequency of gastric cancer is heightened by the rate of gastric cancer induced 
in relation with gastric ulcer in Japan. Mori says to have had a similar 
impression during the survey instituted among the Japanese in Hawaii. 

The death rate for gastric ulcer rose to an extremely high level in wartime 
and in the immediate post-war years when consumption of animal food was 
drastically restricted. The facts that the death rate for gastric ulcer rose to the 
highest in the period when the nutritive partiality was most severely accentuated 
and that gastric ulcer and gastric cancer are widely believed to be pathogenetically 
correlated, at least in Japan, leads to the inference that the partiality in 
alimentary habits among the Japanese may be somewhat responsible for the 
prevalence of gastric -ancer. But this inference falls through in the case of 
Western countries, for much animal food is consumed in Finland and Iceland. 
According to the investigation at Prof. Kurokawa’s Clinic of Internal Medicinc’®?, 
one half of the cancer cases had been in good health in the past and the other 
half had gastric ulcer or chronic gastritis or complaints of habitually weak 
stomach. In our survey too!, we found cases with past experience of gastric 
ulcer or gastritis more frequently among the gastric cancer cases than among 


the control cases. 
In summary of the above, we have not yet come upon a factor apparently 
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of high probability as pathogenic cause of the high prevalence of gastric cancer 
in Japan. Even though we can point to some possible factors, these factors are 
only rarely deemed effective in the North European countries where gastric cancer 
is comparatively frequent. The mainly effective causes of gastric cancer may 
be not the same in different countries or in different parts of the same country. 
However it may be, we do not despair of finding some better clues to approach 
the problem of the pathogenesis of gastric cancer, if we go on with our epidemio- 


logical survey on gastric cancer. 


2. Esophageal Cancer 

The death rate for cancer of the esophagus in Japan is on the same level as 
that in the European countries. The sex ratio of the death rate for this cancer 
shows large differences by countries. According to the survey by Stocks! in 
41 major cities in England and Wales and our age-adjusted death rates in 23 
countries (1956-57)*°), the death rate for this cancer, unlike that for cancers of 
many other sites, shows a lack of geographicai intersex correlation, as a common 
characteristic. 

We have calculated the age-adjusted death rates for esophageal cancer with 
the statistics for 1952-1956 published by WHO? as data and the total population 
of 46 countries in 1950, and examining the possible geographical correlation be- 
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Fig. 7. Standardized mortality ratios for espisageal cancer 
by prefectures, 1954-1956 
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tween this rate and the similarly calculated rate for pharyngeal cancer, obtained 
the positive coefficients of 0.55 for males and 0.30 for females. These results 
indicate that, where esophageal cancer is frequent, pharyngeal cancer is also 
frequent, among males, at the level of significance of 1%; among females, the 
correlation is significant at the level of 5°%, except in Venezuela where the death 
rate for pharyngeal cancer is exceptionally high. 

The geographical distribution of deaths for espohageal cancer in Japan’? 
is dissimilar to that of deaths for gastric cancer. (Fig. 7) The latter has been 
found high-rated in the District A above (in Fig. 5) of Northern Honshu facing 
the Japan Sea, but in the case of esophageal cancer, the district lying east to the 
District A and facing the Pacific Ocean contains prefectures with high death 
rates. In some prefectures, for example, Nara Prefecture, however, both the 
death rates for stomach cancer and for esophageal cancer are high. 

In Japan, it is generally believed that esophageal cancer is frequent among 
the subjects used to eating hot fares and those with unhealthy teeth, and in fact 
we experience frequent cases of esophageal cancer in subjects addicted to hot 
courses. But we have not yet confirmed this impression in a statistical study. 
In Nara Prefecture, where cancers of both the stomach and the esophagus are 
particularly frequent, the habit of eating bowlfuls of steaming rice gruel has been 
the tradition. In recent days however, the provincial peculiarities in alimentary 
habits are rather rapidly falling into oblivion and so, in Nara Prefecture, the 
time-honored ““Narachagayu’’, the hot rice gruel, is losing popularity. At any 
rate, the high rates of deaths for gastric cancer as well as for esophageal cancer 


in this prefecture of oldest civilization in Japan is a notable case. 


3. Intestinal Cancer 

In Japan, intestinal cancer is extremely infrequent. In Japan, where cases 
of postmortem examination are limited in number, the danger of intestinal cancer 
vases to be misdiagnosed as cases of some other diseases is not excluded, but 
taking the past operation and autopsy results into account, it is beyond doubt 
that intestinal cancer is not frequent and at least much less frequent than 
stomach cancer in Japan. , In Japan, the death rate is slowly rising owing to the 
rise in the death rate among the high-aged of 70 years and above. 

Our calculated death rates show that, in the countries with high death 
rate for intestinal cancer, the death rate for duodenal ulcer is also high!”?. 
Intestinal cancer rarely produced in the duodenum, but may this finding not 
interpreted as indicating that a state of ‘weakened organ” contributes to the 
occurrence of cancer? For example, in Japan where gastric ulcer, gastritis and 


such stomach diseases are frequent, gastric cancer is also frequent, while in 
England where chronic bronchitis is prevalent, pulmonary cancer is also fre- 
quent. Of course, nothing definite is known anent the pathogenic correlation 
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between these pairs of diseases. It may be that some factor causing cancer is 


also a cause of other diseases in the same or neighbouring site. 


1. Rectal Cancer 

It is the general belief that hemorrhoids are prevalent in Japan and also 
rectal cancer is also believed to be frequent here by many, but in fact the age- 
adjusted death rate for this cancer does not rise beyond the level common in 
Western countries. The rate is rising in the age-classes above 65 years, but 


is falling off in the younger age-classes. 


5. Hepatic and Choledochal Cancers 

The age-adjusted death rate in Japan for hepatic cancer among males is the 
highest and among females the 5th among the 24 countries cited in our study. 
It is noted that the death rate among the female population is the highest and 
particularly high among the high-aged women in Western Germany. As in 
Japan, gastric cancer is so frequent, that the possibility of gastric cancer 
metastatised to the liver to appear as hepatic cancer on death certificates is not 
deniable, but it is believed that hepatic cancer has been prevalent in Japan for 
the long past. 

In the statistics by prefectures in Japan*), we see that the death rate for 
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Fig. 8. Standardized mortality ratios for cancer of liver 
and biliary passages by prefectures, 1954-1956 
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hepatic cancer is high in Yamanashi and Saga Prefectures (Fig. 8). In Japan, 
almost only these two prefectures are infested by schistosoma japonicum. The 
death rate for hepatic cirrhosis is also high in Yamanashi Prefecture and in 
Kyushu Island, on which Saga Prefecture is situated. 

The death rates for hepatic cancer per prefecture is positively correlated 
with that for gastric cancer at the level of significance of 5% 


6. Pancreatic Cancer 

It seems that the death rate for pancreatic cancer is steeply rising in all age- 
classes in most countries. In Japan too, the rate has markedly risen, perhaps 
partly due to the improved accuracy of diagnosing the cancer, but a real increase 
in the cases seems to be indicated in all probability. 

The rates for deaths for cancers of specified sites in Japan generally show a 
similar trend of rise or fall in frequency, except that for gastric cancer cited above 
and a few others. The cancers showing substantial rise in frequency in Western 
countries in recent years are generally perceptibly rising in frequency in Japan, 
too, as fitly exemplified by the parallel rise in the rates for pancreatic and 
pulmonary cancers. 


7. Mammary Cancer 


The lowness of the rate in Japan has drawn the attention of medical 
scientists. In these 20 years, the rate of deaths for mammary cancer has risen 
among the high-aged of 70 years and above, but that among the lower classes 
has remained stationary. 

According to the results of our epidemiological survey"? in Japan, significant 
differences were obtained in the following points. Breast cancer was found more 
frequent in the left mamma at the level of significance of 5%. The age of first 
matrimony was found higher among the breast cancer cases than among the 
controls both in urban and rural areas, at the level of significance of 1%. The 
age of first child birth was also higher among the former at the same level. The 
number of children of married breast cancer patients is smaller than that of 
average married women as given in the national census, 

The age of first menstruation is lower among the breast cancer cases than 
among the controls, both in urban and rural areas, at the level of significance of 
1%. Fifteen years ago the mean age of first menstruation in Japan was 


te) fa) 


somewhat above 14 years, but recently, it has fallen to less than 14 years. 


In Japan, it is generally accepted the cancer of the breast is more frequent 


among the higher social classes. 
In Japan, the rate of breast cancer patients with anamnesis of mastitis is 
probably higher than in the Western countries. According to the data™) we 
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have collected, among the 917 cases of breast cancer with experience of childbirth, 
152 (16.69%) had experienced mastitis. Mastitis is naturally apt to occur among 
mothers who have more frequent chances for lactation. When only the cases 
with anamnesis of mastitis were picked up among the breast cancer cases, the 
total months of lactation among this group of subjects was not statistically 
different from that among the controls, but among the breast cancer cases without 
experience of mastitis and not less than 45 years old, the total months of 
lactation were significantly longer than among the controls. Among those 44 years 
and below, the difference was not significant*!). 

When one of the mammae showed deficient milk secretion, it is overwhelm- 
ingly more frequent that this mamma becomes the site of subsequent cancer than 
otherwise. In Japan, cases with deficiency of milk secretion is more frequent 
in the left mamma. 

With high probability, we may enumerate the custom of lengthy lactation 
as one of the cause of low frequency of breast cancer in Japan. It was not rare 
to find cases of atrophied uterus following lactation dragged on for 2 years and 
more, in rural districts in Japan till quite recently. Now, the Welfare Ministry 
is striving to disseminate the idea that breast feeding should be limited to one 
year at the longest. 

The standardized mortality ratio for mammary cancer by prefectures in 
Japan*? is high in Tokyo and Hokkaido. (Fig. 9) In Tokyo, where the rate of 
child-births is low and the period of lactation is generally short, the high frequency 
of this cancer seems natural enough, but why Hokkaido should come next cannot 
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Fig. 9. Standardized mortality ratios for mammary 
cancer by prefectures, 1954-1956 
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be explained. Hokkaido shows also a high rate of deaths for pulmonary cancer. 


8. Uterine Cancer 

The age-adjusted death rate for uterine cancer is the highest except U.S.A. 
Non-whites, Austria and Denmark among the 24 countries cited here in. 

The death rate for uterine cancer in Japan is perceptibly declining, quite as 
in most other countries. The wide practice of early diagnosis and early treatment 
of uterine cancer has much contributed in diminishing the death rate in many 
countries in recent years. 

Uterine cancer should be discussed under the separate headings of uterine 
corporal and cervical cancers, for these have different pathogenesis, and the 
corporal cancer seems particularly correlated with cancers of the breast and the 
ovaries in geographical distribution. In England and Wales, the rate of death 
certificates carrying the specification of cancer of the uterine corpus and cervix 
is very high, but in Japan, such a specification is forthcoming regrettably too 
rarely. It must be pointed out, however, that the percentage of carcinoma cor- 
poris uteris among all uterine cancers in Japan is at any rate very low, for clinical 
statistics show that only 3-5% of the total uterine cancer cases are of corporal 
cancer. I have no accurate data avaliable, but I have the impression that the 
death rate for uterine cervical cancer only is rapidly falling, while that for cor- 
poral cancer remains unchanged or is rather rising in most countries. 

In the map of geographical distribution of uterine cancer in Japan*), mostly 
uterine cervical cancer as mentioned already, Kyushu is seen to contain many 
prefectures with particularly high rate of death for uterine cancer (Fig. 10). Why 
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Fig. 10. Standardized mortality ratios for 
uterine cancer by prefectures, 1954-1956 
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such prefectures with high death rates are so densely distributed in the southern- 
most island is not known. This district has been known for the high death rate 
for syphilis among sucklings. We could not establish a geographical correlation 
between the rate of child-births and the death rate for uterine cancer. In Japan, 
deaths for penis cancer are rare, but prefectures with high crude death rates for 
penis cancer are also found most in southern Japan, and there is a geographical 
correlation between the crude death rate per prefecture for uterine cancer and that 
for penis cancer at the level of significance of 5°%2*). 

The results of our epidemiological survey") with 1,849 cases of uterine 
cervical cancer as objects showed that the percentage of married women was 
significantly higher among the uterine cancer cases than among the general female 
population and the percentage of unmarried, divorced and bereaved women 
was lower among the former. Only two cases of 17 and 18 years of age among 
the cancer patients was recorded as yet unmarried. Such rare exceptions do 
not restrain us from thinking of some correlation between sexual intercourse and 
uterine cancer. The ages of first menstruation, first matrimony and first child- 
birth were all significantly lower among the patients. We could not obtain any 
statistical data supporting the idea that uterine cancer is more frequent among 
women with oft-repeated experience of child-births. These findings are in 
agreement with those obtained by Wynder®*) in U.S.A. Cases with anamnesis 
of syphilis are markedly more frequent among the uterine cancer cases. As the 
control cards in this survey were filled in at a number of the Health Centers at 
our request, the accuracy of the reported data may have been more or less de- 
tracted. No conclusion could be arrived at on the frequency of deaths for 
uterine cancer versus the social standing of the patients. In Japan, it is difficult 
to settle a good standard for classifying the subjects by social standing, so that 
it is hard to obtain systematic data by soical classes. 

The frequency of deaths for uterine cancer in Japan cannot be blamelessly 
attributed to any final cause, but we might propose the lower age of first 
matrimony, once so prevalent in Japan, as one of the probable causes of the 
frequency. 

Malignant cholioepithelioma is believed to be frequent in Japan and other 
Asian countries. In 1958, the number of deaths for this tumor was 266, indeed 
markedly larger than in England and Wales, U.S.A. etc. In England and Wales, 
the number was only less than 36 in 1957. This neoplasm is known to be frequent 
after delivery of hydatid moles, which, according to our investigation, are apt to 
result from pregnancy in high age. In Japan, pregnancy in high age had been 
more frequent than in the Western countries till recently, but the rate of 
childbirths in old age has fallen lower than in most Western countries, but this 
lowered frequency of childbirths is inferred to be due to the high prevalence of 
artificial abortion among older women rather than to an actual fall in the rate of 
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pregnancies; this rate is estimated to be still higher than in most Western cou- 


ntries. 


9. Ovarian Cancer 


Deaths for ovarian cancer account for an important portion of deaths for 
cancers among the female population in the Western countries, and the number 
of such deaths shows a tendency of still increasing. Doubts on the accuracy of 
diagnosis may not be excluded, but it is certain that the death rate in Japan is 
markedly low. Since gastric cancer is frequent among Japanese women, the 
number of ovarian cancer cases probably includes a high percentage of cases 
with Kruckenberg’s tumor metastasised from the stomach, so that when these 
are excluded, the net deaths for primary ovarian cancer in Japan are still further 
reduced. According to Higuchi"), 211 cases of metastasied neoplasms were 
found among 910 cases of solid ovarian neoplasms. This cancer is believed to be 
closely correlated pathogenetically with cancer of the uterine body, which is also 
scanty in Japan. The death rates per country in 1956 through 57 show a 
positive correlation of ovarian cancer to cancers of the pancreas, the breast, the 
intestine and the rectum, and leukemia at the level of significance of 59%”). 


10. Prostatal Cancer 

The age-adjusted death rate for this cancer is the highest among the non- 
white population in U.S.A., and the lowest in Japan of all the geographical 
divisions cited in our study!). In geographical correlation, it showed significant 
positive correlation at the levels of significance of 1°%4 with mammary cancer and 
ovarian cancer, respectively’. The ultimate cause of the lowness of the rate in 
Japan is not known, but we may dimly hint at some difference in the activities 
of the organs concerned with hormones, actively or passively, in Westerners and 


Japanese, as a probable factor in this connection. 


11. Leukemia 
The age-ajdusted death rate for leukemia in Japan is low, and shows the 
specific feature that it does not rise in the upper age classes, that is, it remains 


nearly constant through all ages from infancy to senility. 

In 1954-56, the list of death rates per prefecture showed that the standardiz- 
ed mortality ratio among males was the second highest in Hiroshima but near 
the national average in Nagasaki, while among females, it ranked the fifth in 
Nagasaki but was nearly average in Hiroshima*’. Thus, we cannot say that the 
death rate for leukemia in these year was egregiously high in these two prefectures 
—of which the capitals have had the experience of raid with atoms bombs. 
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12. Pulmonary Cancer 

The age-adjusted death rate for pulmonary cancer in Japan is far lower than 
in the Western countries, but is recently rising very steeply and nearly at equal 
pace among males and females. The trend of the rising rate reminds us of that 
in England and Wales about 20-25 years ago. (Fig. 11) 

According to our computation*’, the standardized mortality ratios per pre- 
fecture in 1954-56 were high in Tokyo, Hokkaido, Fukuoka, Kanagawa, Kyoto, 
Miyagi and Kumamoto Prefectures among males and in Fukuoka, Tokyo, Kyoto, 
Kanagawa, Miyagi and Hokkaido Prefectures among females. (Fig. 12) 

In Japan, Tokyo, Osaka, Nagoya, Yokohama, Kyoto and Kobe have more 
than 900,000 population, and in Fukuoka Prefecture in Northern Kyushu, several 
cities are closely packed side by side, forming in substance a large city area. The 
name of a prefecture is either identical with the name of the capital city (e.g., 
Osaka, Fukuoka) or not (e.g., Kanagawa and Miyagi Prefectures, with the 
gubernatorial residence in Yokohoma and Sendai repsectively). In Tokyo, the 
metropolis is the prefecture. 

In the above mentioned prefectures, with high death rates for pulmonary 
‘ancer among males are included all the prefectures containing the 7 great city 
areas enumerated above, except Osaka, Aichi (capital: Nagoya) and Hyogo 
(capital : Kobe), and among females, all the 5 except Osaka and Aichi Prefectures. 
It is a common feature of the list of the total male-female death rates that the 4 
large city areas of Tokyo, Yokohama, Kobe and Fukuoka are included in the 
prefectures with high rates, all of which contain industrial centers. 

We) have computed the specific rates for pulmonary cancer of the aggregate 


deaths among the males and females of all ages divided by the number of 


populations of the respective sex above 40 years of age in all the 1,027 city and 
county areas in Japan in 1955. The city and county areas with this specific 
death rate significantly higher than the average among men counted 41 and 
among women 18. When areas with high rates, either for males or faemales, 
are picked up, we find 19 of them among the urban areas with more than 50,000 
population and 38 among the cities with less than 50,000 population and county 
areas, accounting for 8.0°% and 4.8°{ of the total number of areas of each group, 
respectively. These figures show a tendency of the distribution of deaths for this 
cancer to be inclined toward the side of major cities. 

In Japan, administrative divisions with populations of above 30,000 are 


incorporated as cities as a rule, but some county areas have more than 30,000 
residents. If these areas are classified into the cities with less than 50,000 
population and county areas, medium-sized cities with populations of 50,000 to 
900,000 and the metropoles with more than 900,000 residents, the specific death 
rate per 100,000 population over 40 years of age is found the higher, the larger 
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the size of the population. 

There are four major industrial areas in Japan (Tokyo plus Kanagawa 
Prefecture containing Yokohama, Acihi Prefecture containing Nagoya, Osaka 
plus Hyogo Prefectures containing Kobe and Northern Kyushu with Fukuoke 
as the center). Of these, the death rate for pulmonary cancer is not particularly 
high in Osaka District and Aichi Prefecture. The lowness of the rate below the 
national average in Aichi is a wondrous phenomenon. 

The rate of deaths for pulmonary cancer is high in Hokkaido, Kyoto and 
Miyagi Prefectures. Kyoto city, the ancient capital of Japan, is now not an 
industrial center, but merely a tourists’ resort. But it may be noted that it lies 
at the bottom of a basin surrounded by hills - a feature not shared by any other 
major city in Japan. Miyagi Prefecture is rather poor in industrial facilities, and 
we cannot account for the high rate of pulmonary cancer from this angle, but we 
may cite here as a cause of the apparent high rate the activity of Dr. Suzuki of 
Tohoku University (in Sendai, the capital city of this prefecture) who is ever 
alert for detection of pulmonary cancer in the X-ray pictures taken at mass- 
examinations for tuberculosis. 

The frequency of pulmonary cancer in Hokkaido, (standing in the second 
place in the list of death rates among males) is rather noteworthy. In our 
search for city and county areas showing death rates for pulmonary cancers 
significantly rising above the nation-wide mean in Japan, we*) found that the 
north-western maritime district of Hokkaido, facing the Japan Sea was densely 
packed with such high-rated areas. 

In Japan, we have two major coal-producing centers —- the one in Northern 
Kyushu and the other in Hokkaido. Kyushu produces 54% and Hokkaido 
produces 31% of the total coal supply in Japan (1960). Fukuoka Prefecture, 
wherein the majority of the Kyushu collieries are situated, has well-developed 
industrial activity, and the death rate for pulmonary cancer among males ranks 
the fourth, while that among females is the highest in Japan. 

In Hokkaido, however, no large industry is thriving, and in the above- 
mentioned district of high death rate for pulmonary cancer, there is no large city 
to speak of. 

In the other parts of Japan, coal has been scarcely used for space-heating 
in ordinary homesteads, except in Hokkaido. It is known that the air in winter 
at Sapporo is as much polluted as in the heavy industrial centers in the other 
districts. 

Another point to be mentioned in this connection is the rather wide difference 
of climatic conditions obtaining in Hokkaido from those in the other districts of 
Japan. 

In Japan, a north-western wind from Siberia prevails in winter. This cold 
wind is humid and causes great snow-fall in the parts of Honshu lying to the 
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north-west of the mountain chain forming the back-bone of the island, but on 


passing over this mountain range, the air loses humidity, so that fair weather 


prevails in winter in the regions facing the Pacific Ocean. The heavy industrial 
areas and most of the major cities, except those in Northern Kyushu, are situated 
in the Pacific side of Japan. The cycle of alternately passing migratory high 
and low atmospherical pressure increases in frequency in the end of February 
through March, and serene fair days alternate with windy days. In the former 
half of June, a meteorological front comes to stay over mid-Japan, and a rainy 
season begins, to continue to mid-July. Then, a sultry south-easterner becomes 
the prevalent wind, inaugurating the unpleasantly humid Japanese summer. 
In September again front-lines pass over, accompanyng frequent wet weather, 
and typhoon often comes up along such a front line to attack Honshu. In 
October, the front-lines go downwards to South Sea and all Japan is favored by 
long spells of fair fall weather. 

Except in autumn and winter in some parts, the weather condition in Japan 
is characterized by larger rainfall and more frequent windy days than in Western 
Countries. 

Rain Fall in Some Cities in Japan 

Mean annual precipitation of 30 years (1921-1950) 


Sapporo (Hokkaido) 1119 mm 
Sendai (Miyagi Prefecture) 1216 mm 
Tokyo 1568 mm 
Niigata 1743 mm 
Nagoya (Aichi Prefecture) 1513 mm 
Kyoto 1488 mm 
Osaka 1274 mm 
Fukuoka 1596 mm 


Such seasonal changes of weather conditions does not prevail in Hokkaido. 
In this district, the rainy season in June-July is not known, and typhoon rarely 
come up so far, move often landing somewhere in the southern half of Japan and 
glancing off eastwards into the Pacific. In winter, snowy days are frequent and 
sunny weather is a rare occurrence in Hokkaido, especially in the area facing the 
Japan Sea, where pulmonary cancer is prevalent. Though snow is copious in 
winter, the absene of rainy season in summer keeps down the total precipitation 
throughout the year below the general standard in Japan. These climatic con- 
ditions somewhat resemble those prevailing in England and Wales. 

We*®) have inquired for the possible correlation between the precipitation 
recorded at the weather stations in Japan in 1921-50 and the standardized 
mortality ratios for pulmonary cancer in 1954 through 1956 in the prefectures 
where the stations are located, and found a negative correlation of r=—0.288, 


which is, however, below significance at the level of 5%. 
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The above observations of the present lower frequency of pulmonary cancer 
in Japan than in the Western countries and the comparatively high frequency 
of pulmonary cancer in Hokkaido wihch is rather poor in industrial enterprises 
give the impression that the frequency of pulmonary cancer at least partly 
depends on the climatic conditions described above as well as the prevalence of 


coal stoves. 


Our survey" for the relation between smoking and pulmonary cancer re- 
17.9 cigarettes and the 


vealed that patients of this disease smoked 19.3 and 


control cases consumed 13.8 and 13.2 cigarettes in daily average, in the urban 


and the rural areas, respectively, showing a significant difference at the level of 


1%, as already reported. 
We searched through the records concerning pulmonary cancer cases in the 


TABLE I. 


Number of Cases of Lung Cancer under Investigation 
by Sex, Age-group and Histological Classification 





All ages 
20-29 years 
30-39 ° 
40-49 
50-59 
60-69 
70-79 

80 and over 


TABLE II. 


Total 


carcinoma 


314 
2 


Epider- 


moid 


143 
I] 


Ss 
CIS 
> 


} sJege 


Male 


Adeno- 
carcinoma 


63 


Undiffe- 


rentiated 


carcinoma 


108 


Total 


85 
2 
10 
19 
31 
19 
3 
l 


Female 


Epider- 
moid 


carcinoma 


20 
l 
9 


6 


Adeno- 


carcinoma 


40 


l 
6 
9 
14 
8 
2 


Number of Cases with Habit of Smoking by Daily Quantity of 
Tobacco Consumption, among Lung Cancer Patients 


Unidiffe- 
rentiated 
carcinoma 


2 


WIA 


—_— 


Frequency of Smokers by Sex and Histological Classification, and 





Total 
No smoking 
Smoking 


1-9 (Pieces 
( day ) 
10-19 


20-29 

30-39 

40-49 

50-59 

60 and over 
Note: 


Total 


carcinoma 


314 
19 
295 
32 
111 
87 
26 
20 
8 
10 


1 gr. of cut tobacco (** 


cigarette. 


Epider- 


moid 


143 
4 
139 


12 


Male 


Adeno- 
carcinoma 


63 
7 
56 


5 


bo 
woo 


nw 


to— 


Kizami’’) has bee 


Undifte- 
rentiated 
carcinoma 


180 
8 
100 
16 
37 


24 
9 


Total 


85 
60 
25 


15 


— oe 


carcinoma 


Female 


Epider- 
moid 


20 
14 
6 
9 


3 
l 


Adeno- 
carcinoma 


40 
32 
8 
6 


~ 


Undiffe- 
rentiated 


carcinoma 


wt 


2 
] 
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[bho =] =m 


n counted as equivalent to | piece of 





192 M. Segi and M. Kurihara 


TaBLeE III. Frequency Distribution of Daily Consumption of Tobacco by Age-classes 
and Histological Classification and the Average Quantity of Consumed Tobacco 
of Habitual Smokers, among Male Patients with Lung Cancer 





Epidermoid carcinoma Adenocarcinoma Undifferentiated ca. 


1 1) » ‘i 
20-49 5059 60-69 70-79 70-49 50-59 60-69 70-79 —— 50-59 60-69 70-79 


years years 

Total 10 | 66(3) 49(8) 7 | 12 | 24 | 22 | 5 | 21(1) 50(1)| 30(2)| 3 
pieces 7 9 9 = ‘ 9 qo | 

o( a) 2 | 2 1/3 }/2]/1);4)]3)]1 
2 ~-}/—-{/=—/—-j}-{/—-/|—/[—j]-{19 [= 
3 a | Be Pe | HK | | ae Po Te eH 
4 fe fe | me | ieee. 
5 a ri—/|1/—-/|—]—]1 (1) - 
6 ria mel —-|—-j|1/—-|] @e) |] @- 
7 =o | on) la | ole ts te | 
8 — | (ay ay—|/-;-—-/—-J;1 }-fifafi- 
10 2/13 | 62) 4/5 ,6/5 |1 /5 18 |] 1 
12 aa Oe es ee ee ee ee ee 
13 pig i=j={/-—-i|—-/i1/ttl—{a | 8Jal- 
15 21/6/72; —-|—|2|2]1]/1 | ay —]1 
18 —{8 j= tel—t—|—-|—bpe=[F tei - 
20 2i3 ji j}1 )4 [ses] 4) —]6 |] 8 | - 
2: ea ic Ge ee ee ee es ee ee —|-— 
25 1/2 Pista biwaiw te |e jh 
30 1 1) 7 ~|=|S8 | =P tere | - 
35 = sc = a = = ba ike : oe = 
40 —-{|5/3}/—-/|/—/;2]—-/;/—]1 ],2]2]1 
45 —{/—/]1/-—-|{|-]1 Sra ee Bee ee 
50 ol be bok 6 eed bm ok ed a 
oo a — — — — —- — —_— _- 
60 »}2]|1 —|—| 1 it 1S} - 

= aa l a as = = a= = uo 
90 — — a = a =~ a = 1s “se _ 
100 — _ — = = 1 mats eee a as 


Average quantity 
(in numbers of 21.80 21.10 22.24 10.15 18.64 18.71 22.00 9.25 16.50 22.42, 17.26) 21.67 
cigarettes) | 
A a 21.05 17.41 19.73 
Note: 1. Classes with negative frequency have been omitted. 
2. The figures in parenthese denote the number of smokers of cut tobacco 
(““Kizami’’) only and those outside the parentheses that of smokers of 
cigarettes plus smokers of cigarettes and cut tobacco. 
3. 1 gr. of cut tobacco (“‘Kizami’’) has been counted as equivalent to 1 piece 
of cigarette. 


recent years on file at the four hospital clinics noted for treatment of pulmonary 
cancer cases par excellence in Japan-Keio University Hospital (Dr. 8. Ishikawa), 
Tokyo Medical College Hospital (Dr. K. Shinoi), Chiba University Hospital (Dr. 
Kawai and Dr. Watanuki) and Tohoku University Hospital (Dr. C. Suzuki) and 
obtained data leading to the following conclusions. (Tab. I-III) 

The percentage of smokers is higher among the lung cancer cases with ep- 
idermoid carcinoma than among those with the cancer of other types. 

The percentage of non-smokers plus light smokers of less than 5 cigarettes 
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or their equivalent a day was smaller, but the percentage of heavy smokers con- 
suming more than 15 cigarettes or their equivalent in tobacco was higher among 
the cases with lung cancer of the epidermoid type than the others. When only 
cigarette smokers are counted in exclusion of the smokers of cut tobacco, the 
tendency is more perceptible. The mean quantity of consumed tobacco per 
day was generally the highest among the cases with epidermoid cancer and the 
lowest among the adenoid cancer cases. 

A significant positive correlation at the level of significance of 1% was 
observed between the quantity of cigarettes sold in the 46 prefectures in Japan 
in 1957 per male population above 20 years inclusive and the standardized 
mortality ratio for pulmonary cancer among males in 1954 through 1956. 

A significant negative correlation at the significance level of 5°, was found 
between the population per number of motor vehicle of exhaust capacity of 200 ce 
and above of each prefecture and the standardized mortality ratio for pulmonary 
cancer among males in 1954 through 1956. 
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Concurrent Infection with Influenza A-prime and 
B Viruses in the Same Individual 
By 
Tooru Nakao 


From the Department of Pediatrics, Aomori Prefectural Central 
Hospital ; Pediatrician-in-Chief : Dr. T. Nakao 


(Received for publication, February 29, 1960) 


An epidemic of influenza is usually the result of infection with either in- 
fluenza A virus or influenza B virus. So a concurrent infection with both in- 
fluenza A and B viruses in a single epidemic or in one and the same individual 
is a very rare incidence. 

From the end of April to May, 1955, in Aomori and its neighborhood an 
epidemic of influenza was prevalent. In the pediatric ward of our Hospital, 
many patients were attacked with influenza during this time. Laboratory 
investigation revealed that this epidemic was caused mainly by influenza virus 
A, though there were scattered cases of influenza B and those of influenza A- 
prime. 

In the present paper I shall report a concurrent infection with influenza 
A-prime and B viruses in one and the same patient who was admitted to the 
pediatric ward of our Hospital with the diagnosis; a neurological complication of 


pertussis. 


REPORT OF CASE 


A girl, aged 4 years and 7 months, complained of coughs from about April 
4, 1955. The coughs increased then in frequency and duration, and the whoop 
characteristic of pertussis began to be noticed and she was treated as a case of 
pertussis. Though the coughs were diminished in frequency and duration, now 
she began to complain ofa disturbance of gait on about April 16, 1955. Fever 
was hardly noticed. She was admitted to our Hospital on April 19, 1955, with 
the diagnosis; a neurological complication of pertussis. On examination, she 
was moderately nourished and heart sounds were clear. Coarse rales were heard 
over the entire chest. The liver was palpable 2.5em on the right nipple line 
below the costal margin. The spleen was not palpable. Patellar reflex was 
absent. She could neither stand nor walk. Fever rose up to 39°C on the night 
of admission, but abated on April 30, 1955. In the meantime she had begun 
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to stand; it was about April 24, then she gradually came to be able to walk 
normally. However, fever rose up to 37.5°C on May 3, 1955, on May 4 up to 
38.5°C and on May 5 up to 39.5°C. She complained also of general malaise, 
headache, pain of limbs and waist, nasal obstruction and discharge, sneezing 
and epistaxis. The pharynx was reddened. Coughs became again intense. Fever 
abated on May 6, and the above-mentioned symptoms subsided. Though fever 
rose again up to 39.5°C on May 11, it abated on the next day. She was dis- 
charged with an improvement on May 24, 1955. 
TasLe [. Hemagglutination-inhibition of Serum in My 


own Patient of Concurrent Infection with both 
Influenza A-prime and B Viruses 





Virus ——— 
Intluenza A aggce cy Intluenza B 
Date A-prime 
May 2 1,024 128 1,024 
13 1,024 2.048 8,192 
23 8,192 1,24 8,192 


Hemagglutination-inhibition test against influenza virus, as is given in Table 
I, showed a significant rise of antibody titer for influenza virus A-prime and B 
on May 13, and on May 23 it showed a significant rise of antibody titer for 


influenza virus A. 
COMMENT 


Lennette et al!) gave evidences that both influenza A and B would occur 
at the same time in the same population, and even in one and the same 
individual in a given epidemic. Then followed several reports of a similiar 
observation by other authors.2-®) My patient with signs and symptoms of 
respiratory tract affection accompanied by such manifestations as fever, headache, 
general malaise, pains of limbs and epistaxis from May 3 to May 5, was diagnosed 
clinically as a case of influenza. Hemagglutination-inhibition test of serum 
against influenza virus, performed 11 days later, showed 16-fold rise of antibody 
titer for influenza virus A-prime and 8-fold rise of antibody titer for influenza 
B. This serological result revealed that the respiratory tract disease of my own 
case from May 3 to May 5, was caused by both influenza virus A-prime and 
influenza B. Then, hemagglutination-inhibition test of serum performed 10 
days later showed 8-fold rise of antibody titer for influenza virus A. This result 
would show that the attack of fever on May 11 was caused by influenza virus A. 


SUMMARY 


A case of concurrent infection with both influenza A-prime and B viruses 
was reported. The diagnosis was established by a significant coincident rise of 
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antibody titers against both influenza A-prime and B virus. Moreover, she was 
attacked about one week later with influenza A which was again confirmed by 
the hemagglutination-inhibition test then performed (Cf. Table 1). 
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A Fatal Case of Meningoencephalitis due to 
Hemagglutinating Virus of Japan 
By 
Tooru Nakao 


From the Department of Pediatrics, Aomori Prefectural Central 
Hospital ; Pediatrician-in-Chief : Dr. T. Nakao 


(Received for publication, February 29, 1960) 


In Aomori and its neighborhood, outbreaks of aseptic meningitis have been 
seen every year since 1954 in children mostly during the summer. In 1954 and 
1955, Hemagglutinating Virus of Japan (HVJ) was isolated by us!) from 
cerebrospinal fluid, blood and throat washings from patients with aseptic 
meningitis. The prognosis of aseptic meningitis caused by HVJ was good and 
no unfavourable sequels were seen. In the present paper I shall report a fatal 
case of aseptic meningoencephalitis due to HVJ. 


REPORT OF CASE 


A boy, aged 2 years and 5 months, fell down the stairs to a dirt floor on 
November 1, 1955, and was injured on the head and on the left thigh. On that 
night he had a slight convulsive fit, but he had neither fever nor vomiting. On 
the next day he had no convulsive fits, and he was quite conscious and well. He 
remained so for a time. On November 28, 1955, he complained of fever and he 
had generalized clonic convulsions twice on that night. On the next day he had 
nausea and vomiting. He seemed to have a headache and put his hand on the 
head with a frown. He was unable to stand. On November 30, he was 
lethargic, and on December 1, he twitched the limbs. Remittent fever had 
persisted and vomiting was obstinate. He was admitted to our Hospital on 
December 5, 1955. His temperature rose up to 38,1°C. On examination, the 
liver was palpable on the right nipple line 2.5 em below the costal margin. The 
spleen was not palpable. He was slightly malnourished. The pharynx was 
reddened. Nuchal rigidity was not noticed. The motion of the limbs was normal. 
Kernig’s and Babinski’s signs were negative. Though his mother told me that 
his speech was plain and that he spoke just as well as before the present illness, 
he gave no reply to many a question I had asked him. After admission the re- 
mittent fever and vomiting had remained to persist until he died. Appetite 
remained poor and vomiting occurred several times each day. Roentgenogram 
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of the chest was normal on December 7, 1955. Because coughs had become 
more and more intense since December 14, he was administered chlortetracyclin. 
As coughs vanished, it was suspended on December 20, but the general condition 
remained still bad. On December 21, twichings of the left upper limb were 
noticed. Then he complained of headache and on December 24, clonic cramps 
of the left upper limb and the face were noticed for about three minutes.. Since 
then his sight became gradually weak and strabismus of the left eye was noticed. 
The general condition became worse and worse, and he fell into comatose state 
By this time Babinski’s sign was noticed. He died on 


Autopsy was not performed. 


on December 30. 
December 31, 1955. 


Cerebrospinal Fluid Findings of Fatal Case 
of Aseptic Meningitis due to HVJ 


TABLE [. 





1 





Date Dec. 5 Dec. 8 Dec. 12 | Dec. 19 Dec. 29 
Initial pressure 300 mm 320 mm 250 mm 600 mm 
Ground glass i 4 s 
appearance 
Pandy’s reaction + ~ + : = 
Cell count 824/3 1155/3 102/: 20/3 31/% 
Sugar level 100mg/dl 100mg/dl | 80mg/dl 80mg/dl 


Petlicle formation 


Tasie If. 


Blood Picture of Fatal Case 


of Aseptic 


: Meningitis due to HVJ 





Date Dec. 5 Dec. 12 Dec. 19 Dec. 28 

Red om oven 4,930,000 3,800,000 5,010,000 | 4,570,000 
Hemoglobin level (Sahli’s ) . . P 

method) 90% 64 86 82 
White cell count 11,400 13,600 16,100 12,700 
Eosinophils 1.09 0.5 5 0.5 
Neutrophils 43.0%, 76.5 84.5 | 70.0 
Lymphocytes 13.5 0/ 29.0 11.0 27.0 
Monocytes 2.5 4.0 4.0 } 4.5 


TaBLe IIL. 


Red Sedimentation Rate of Fatal Case of 
Aseptic Meningitis due to HVJ 





Date Dec. 6 Dec. 13 Dec. 22 | Dec. 28 

' 
The first hour 45 mm 25 mm 52 mm 72 mm 
The second hour 72mm 62 mm 64 mm 98 mm 


Laboratory findings. 


as is given in Table I. 


As for cerebrospinal fluid, in early stage of illness, 
a pellicle was formed, but then cerebrospinal fluid findings improved temporarily 


As for the kind of cells, mononuclears predominated. No 


bacterium was found. Tuberculin test was repeatedly performed with dilution 


of 1 : 1000 and 1 : 100, but the results were always negative. 


as is given in Table II, leucocytosis was noticed. 


In blood picture, 
Red sedimentation rate was 
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accelerated as is given in Table III. Wassermann reaction of serum was negative. 
Blood culture was negative. In urine and feces no abnormalities were found. 

Ophthalmoscopic findings: On December 28, in the right eye, the disk 
was reddened and turbid, and around the disk it looked white. The margin was 
blurred and the vessels were swollen. In the left eye, there was scarcely any 
abnormality. 

Ophthalmologic findings: In the left eye, abducent motion was impossible, 
but vertical and inside motion was almost normal. These findings showed that 
the patient had paresis of the left abducence nerve and optic neuritis of the 


right side. 


TaBie IV. Hemagglutination-inhibition Titers of Sera of Fatal Case 
of Aseptic Meningitis due to HVJ and his Mother Against HVJ 





Date Dec. 5 Dec. 9 Dec. 20 Dec. 28 
Patient 80 160 160 160 
His mother 1280 320 


Virological and serological investigations. These investigations were per- 
formed in the Department of Bacteriology, Faculty of Medicine, Hokkaido 
University (Prof. M. Yamada). Viruses were isolated by chicken embryo in- 
oculation from cerebrospinal fluid and blood on December 5, and from 
cerebrospinal fluid of the patient on December 14. These strains were serological- 
ly identified as HVJ. Hemagglutination-inhibition titers of the patient and his 
mother against HVJ are given.in Table IV. 


DISCUSSION 


It is certain that the present case died of encephalitis combined with 
meningitis. Judging from the cerebrospinal fluid findings in early stage of 
illness, tuberculous meningitis was suspected, but it was excluded on the basis 
of the following items: 

1) Tuberculin test was repeatedly performed, but the results were always 
negative. 

2) As for cerebrospinal fluid, its findings improved without anti-tuber- 
culous treatment of the patient, and globulin reaction such as Pandy’s reaction 
was not strong in contrast to pleocytosis. Sugar level was not diminished. No 
tuberculous bacillus was found. These findings suggested virus meningitis. 

3) Roentgenogram of the chest revealed no abnormality. Prognosis of 
aseptic meningitis caused by HVJ was very good, as was reported by us!), but in 
the present case that was fatal it is not difficult to imagine that he had some 


damage or other in the brain, because he had fallen down the stairs and was in- 
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jured on the head, and then he had convulsive fits about a month prior to the 
onset of meningitis. On the basis of this damage, the virus meningitis might 
have taken a turn for the worse and caused the present case to die at length. 


SUMMARY 


A fatal case of aseptic meningitis caused by HVJ was reported. From 
cerebrospinal fluid and blood of the patient HVJ was isolated. Though the 
prognosis of asepitc meningitis caused by HVJ is generally good, it should be 
borne in mind that a child seriously ill with some damage or other in the brain 


as the present case may die of virus meningitis. 
Reference 


1) Nakao & Yamada, Tohoku J. Exp. Med., 1959, 71, 61. 
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Demyelination of Corpus Callosum in Chronic Alcoholism 
(Marchiafava-Bignami’s Disease) 
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(Received for publication, March 5, 1960) 


Purpose of the following paper would be to recall the attention of eastern 
pathologists on a very strange affection of the brain: the so-called “Marchiafava- 
Bignami’s disease’, i.e., the demyelination of some cerebral districts, over all 
of the corpus callosum, observed in some chronic alcoholics. 

This affection seems to be a very rare one ; but, as our knowledges on similar 
reports are limited to western neuropathology, and as its pathogenesis seems 
to be referable to a vitamin B,—deficiency, it would be interesting to know if in 
the East similar lesions have already been noted. Therefore, we will now de- 
scribe such a case occurred in our pathological practice, with a short review 
of precedent reports; lastly, we will discuss the more modern pathogenetical 
theories. 

In fact, until today, although the histopathological pictures and the 
pathogenesis of the affection have been clarified, it remains to explain why the 
affection is found so seldom, and why- in the greatest deal of cases— in Italian 
subjects. 

The first author who described a case of demyelination of the corpus cal- 
losum in chronic alcoholics was Carducci!’ in 1897; but the following and more 
exhaustive works on this affection were made by Marchiafava, Bignami and 
Nazari?*), Of this characteristic lesion, these authors reported numerous 
observations exclusively found in Italians. 

Up to 1941 all the cases reported in literature (with the exception of those 
described by Laignel-Lavastine*’), regarded in fact Italian subjects only, 
phenomen a which induced some authors®) to look upon Italian wine as the sole 
pathogenic factor. Subsequent findings, reported principally by non-Italian 
authors, succeeded however in rendering unacceptable this theory, taking into 
account other eventual pathogenic co-factors (lues, malaria, tobaccoism, 
nutritional disorders, race, costitution, etc.); the more modern theories give how- 
ever great importance to the presence of vascular wall lesions with consequent 
edema producing demyelination®.’.*). 
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In a precedent work®’, we have collected 84 literature cases, 61 of them 
regarding Italians; many other cases have not been regarded because to our 
judgement they did not present the characteristics necessary to be classified as 
true Marchiafava-Bignami’s disease. Males are more frequently affected than 
females (82 cases), the age frequency being between 55-60 years; we do not con- 
sider the symptomatology as being in any way characteristic, since it can present 
itself in the most varied aspects, according to the localization of the lesion and 
the probable contemporary presence of damaged areas in other cerebral districts. 

While in the first reports the lesion was described as being only in the corpus 
callosum, later observations also revealed the presence of demyelinated foci in 
other areas of the brain (chiasma, optic nerves, cerebellar peduncles, etc). 
These findings have given reason to doubt the presumptive direct injurious action 
of alcohol on the commissural fibers of the corpus callosum, giving therefore 
support to the pathogenic importance of a generalized edema, consequent to 
lesions of the blood vessel walls, which in turn is caused by vitamin deficiency. 

The research works of Alexander and co-workers!®.,12), have in fact de- 
monstrated the angioprotective properties of vitamin B,, whose deficiency 
provokes neuropathological changes and histopathological pictures similar to 
Wernicke’s pseudo-encephalitis; the same conclusions were reached by Spillane!* 
and Neubiirger.1*)? 

It is well known that in chronic alcoholism there exists a general metabolic 
disturbance, due to a liver damage, and it is also quite clear that this metabolic 
disturbance provokes a vitamin B,-deficiency. In fact, beside the Wernicke’s 
pseudo-encephalitis, the so-called pachymeningitis haemorragica interna which 
is often found in alcoholics, is regarded today as a consequenc of B,-hypovitam- 
inosis. And Cambier’® classifies at present the alcoholie encephalopathy 
among the nutritional deficiencies encephalopathies. 

Given the already cited angioprotective properties of vitamin B,, and given 
the general metabolic disturbance of chronic alcoholism, it seems quite clear to 
us that an alteration of the vessel walls may follow a functional or anatomical 
liver damage, leading to a possible transudation of a serous exudate into the 
cerebral tissue. Researches of Scholz!’ and Peters!*.'® have in fact demonstrat- 
ed that in chronic alcoholism —as in other intoxications (lead, thyophene, 
manganese, etc.), there are verified alterations of the cerebral blood vessel walls, 
with the transudation of a serous exudate, which is responsible for that mes- 
enchymal and glial proliferation in the mesencephalon, that represents the 
anatomical basis for Wernicke’s pseudo-encephalitis. Experimental studies of 
Ferraro®”), Rubino?!’, Jervis??? and Lumsden?*) have, onthe other hand, de- 
monstrated that chronic intoxication with potassium cyanide is able to induce 
areas of demyelination in the brains of laboratory animals, as a consequence 


of alterations in the vascular permeability, and transudation of a demyelinating 
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exudate. 


CASE REPORT 

An autopsy was made in our Institute on a man, B.A., 66 years old (autopsy 
no. 6370). The clinical data exclusively referred to chronic alcoholism. The 
clinical diagnosis was : “‘Bronchial pneumonia in a chronic alcoholic; carido- 
circulatory failure’’. 

After performing a complete examination of the corpse, the following 
anatomical diagnosis was reached: ‘Generalized arterio-arteriolosclerosis. 
Bilateral adhesive-fibrous pleuropathy. Pluriparenchymal pathosis. Extensive 
decubital sores on the legs and sacral region. Acute splenitis. Axial degenera- 
tion of the corpus callosum fibers (Marchiafava-Bignami's disease). Pachymen- 
ingitis haemorragica interna. Presence of a softening area on the inferior 
surface of the left frontal lobe. Sub-acute stasis of the splanchnic area. 
Intensive pulmonary edema’’. 

The following is the description of the findings obtained from the examination 
of the cranial cavity and brain: ‘Presence of a rusty colored spot on the 
pachymeninx on the right parietal lobe, having a diameter of approximately 
7cm., and thicker with respect to the surrounding tissue which appeared to be 
of a whitish-gray color. A vast softening area was also observed on the 
inferior surface of the left frontal lobe, with adherence to the leptomeninges. 
An imponent sclerosis was also observed in all the cerebral vessels, especially 
those of the basis. After fixation with formaldehyde (10%), the brain was 
sectioned transversely with frontal specimens. A characteristic feature was dis- 
covered in the corpus callosum; this presented itself with a horizontal brownish 
stripe on its central portion. 

On a dissection made at the chiasma level, this stripe was found to be 





Fs S « me. AX 
Fig. 1. Section of the brain through the chiasma ; presence 
of a brownish stripe in the left side of the corpus callosum. 
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Fig. 2. Section of the brain through the mesencephalon; the 
stripe is in the central portion of the corpus callosum. 





Fig. 3. The axis cylinders crossing the demyelinated areas 
are intact (Schroeder method). 
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Fig. 4. Perivascular disposition of the demyelinated areas 
(Schultze method). 
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Fig. 5. Vhe demyelination ceases at the lateral limits of 
the corpus callosum (Schroeder method). 





Fig. 6. The granular-fat ceils circumscribe the areas of 
demyelination, and the Virchow-Robin spaces are filled with 
fattv elements (Sudan III). 





Fig. 7. The branches of the blood vessels are sclerotic and 
thickened; the endothelium appears swollen. Tissural edema and 
presence of granular-fat cells around the vessels (hematoxylin-eosin). 
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primarily on the left side of the corpus callosum (Fig. 1), while in a section made 
at the mesencephalic level it was found to be in the center (Fig. 2). This stripe 
abruptly ceased at the splenium level. Regarding other areas of the brain, we 
failed to observe any other analogous lesions. There were missing also signs of 
Wernicke’s pseudo-encephalitis. 

By means of histological examinations, the corpus callosum revealed a de- 
myelination of its central commissural fibers (Marchi, Schroeder, Schultze myelin 
sheath methods), with integrity of the axis cylinders crossing the affected area 
(Fig. 3). The demyelination was rather irregular, following the course of 
the blood vessels (Fig. 4), and did not pass beyond the lateral limits of 
the corpus callosum (Fig. 5). There also could be noted characteristic clear 
and dark areas, composed of degenerated myelin substance. These findings 
were also obtained with the lipid staining methods (Sudan III, Sudan Black); the 
granular fat cells had in some places an irregular disposition, while in other 
places circumscribed demyelinated zones (Fig. 6): the Virchow-Robin spaces 
appeared filled with fatty elements, with the blood vessels being both thickened 
and sclerotic. These last findings were better pointed out by means of the com- 
mon staining methods (hematoxylin-eosin, Mallory, van Gieson). which de- 
monstrated the endothelium of the blood vessels to be swollen and thickened 
(Fig. 7); while in some places the vessels were almost completely occluded. 

The glial impregnation and staining methods (Cajal mod. Globus; Holzer 
methods) revealed a moderate and irregular fibrilious glial reaction. 

There was an absence of pathological signs in reference to other encephalic 
regions, with the exception of the softening area in the left frontal lobe, and 
signs of generalized arteriosclerosis. There was also observed a_ slight 
morphological alteration, with reference to the nerve cells of the hypothalamic 
nuclei and mamillary bodies, together with signs of a diffused tissural edema. 

Regarding other organs, with the exception of the macroscopic pathological 
findings already reported, a steatosis of the liver in cirrotic evolution was 
recorded. 

DISCUSSION 

In our case we have observed a perivascular disposition of the demyelination, 
with integrity of the axis cylinders in the affected areas; not all the fibers of the 
corpus callosum appeared demyelinated, but only those situated centrally, with 


a disposition which closely followed the course of the blood vessels. It was also 
noted that these vessels appeared rigid, thickened and contorted, and there 


were signs of a diffuse tissural edema. 

The existence of altered blood vessel walls, with a modification of vascular 
permeability seems therefore quite evident; and the perivascular demyelination 
lead us to confirm the studies of Alexander'®.".12), Scholz!”), Peters!*.!® and 
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others, supported also by the results of the researches of Ferraro®®), Rubino®!, 
Jervis?®) and Lumsden??), 

What is strange and difficult to interpret is the fact that the exudate seems 
to have a_ stimulating action on the mesenchymal and glial elements in the 
mesencephalon (producing the Wernicke’s pseudo-encephalitis), but a de- 
myelinating one on the corpus callosum or in other districts of the brain 
(Marchiafava-Bignami’s disease); such a phenomenon might perhaps be explained 
by the different biochemical structure of the cerebral areas. 

We think that our diverse findings (softening area in the left frontal lobe; 
myelinic degeneration of commissural fibers of the corpus callosum; pachymen- 
ingitis haemorragica interna; intense generalized vascular sclerosis, especially 
in the brain; liver steatosis) can permit us to judge our case as a deficiency 
encephalopathy, with an initial state of a Marchiafava-Bignami’s disease. This 
last hypothesis seems to be confirmed by the irregularity of the demyelinization, 
by its perivascular disposition, and by the integrity of the axis cylinders in the 
demyelinated areas. 

From our findings and from the literature found on this matter, we retain 
that the demyelination of the corpus callosum commissural fibers in the course 
of chronic alcoholism, is generally due to the edematous transudate which is 
consequent to the alterations of the blood vessel walls; this alteration seems 
to be induced by a vitamin B,-deficiency, which is brought about by alcoholic 
intoxication. However, given the marked generalized arterio-arteriolosclercsis 
of our case, we do not exclude the hypothesis that the degenerative lesion 
observed by us may have a pathogenic relation with the arteriosclerotic alteration 
of the blood vessels (especially ef the left anterior cerebral artery), rather than 
to the B,-hypovitaminosis; taking also into account the possibility that a com- 
bination of both factors may come into play. 

It seems clear to us that this affection cannot be classified amongst the 
demyelinating diseases, given its character and above all, because of its 
pathogenesis; nor can it be considered a particular localization of Wernicke’s 
pseudo-encephalitis (as Girard and co-workers thought**)), given the different 
histological characteristics of the lesions. We think also that no relation should 
there be with the quantity of methyl-aleohol normally presenting alcoholic be- 
verages’”), The genesis of the lesion seems to be due only to the alteration of the 
vascular permeability, with consequent transudation of a demyelinating 
edema®.?.*.*), Difficult to explain is why this B,-hypovitaminosis is able, in the 
major part of cases, to induce a Wernicke’s pseudo-encephalitis more than a 
Marchiafava-Bignami’s disease. Both experimental and clinical studies on the 
B,-hypovitaminosis have in fact demonstrated the frequency of a Wernicke’s 
pseudo-encephalitis'® ".12,13.14,15,16.17,18.19 | hut not a typical Marchiafava- 
Bignami demyelination (with the exception of Jervis researches in the cats); 
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a“ 


and, on the other hand, Jequier and Wildi® have stated that the concomitance 
of both affections has been reported only three times. 

An other problem to explain is why every chronic alcoholic is found not af- 
fected, and why the major part of cases reported are Italians. The first question, 
if the lesion is really such a rare one, receives an answer from the few literature 
reports (84 cases)*), and from the data of Jequier and Wildi® who claim to have 
encountered it only twice over a period of time, on research works systematically 
performed on numerous alcoholics. At the Neuropathological Institute of 
University Bonn (Germany), we have had too the possibility of examining the 
brains of some German alcoholics, which macroscopically did not present any 
lesion of the Marchiafava-Bignami type; at the present we are conducting a 
systematic histological research of such material, in order to control the eventual 
existence of microscopic lesions, even if macroscopically the brains appeared in- 
tact. Some authors®* claim in fact that the affection is often overlooked be- 
cause no macroscopic alterations are evident. 

The problem concerning the fact that the highest percentage of cases are 
found amongst Italians, remains yet unsolved. Beside the greatest deal of de- 
scriptions reported in Italy, it is also strange indeed that the cases reported by 
King and Meehan2*), Girard and co-workers**’, Hauguenau and co-workers** 
reagrd Italian subjects. It is of course possible that the rarity of non-Italian 
findings is due to the fact that the lesion is yet little known and easily 
overlooked by foreign authors. Until today this high percentage of Italian 
reports, lead us to suppose the existence of a racial or costitutional factor, ac- 
cording with Pentschew*); and this seems to be confirmed by the researches of 
Jervis®?), who observed the demyelination of the corpus callosum in cats, but not 
in those of other animals employed. The anatomical substrate of the affection 
remains yet to be clarified; it is to hope that more careful pathological reports 
and experimental researches will be able to explain the true nature of this lesion. 


SUMMARY 


The transudation of a demyelinating edema through altered blood vessel 
walls represents the pathogenesis of the demyelination of the corpus callosum 
in chronic alcoholics (Marchiafava-Bignami’s disease); a very probable B,- 
hypovitaminosis, caused by chronic alcoholic intoxication, seems to be re- 
sponsible of such vessel walls alterations, Further studies are requested to ex- 
plain the anatomical substrate of this affection; until today, the highest per- 
centage of Italian reports, leads to suppose the existence of a predisposing racial 


or costitutional factor. 
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